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DESCRI PTI ON OPTXCAL DI SK APPARATUS
Technical Field The present invention relates to an opti cal

disk 5 ap or recording and reproduci ng an i nf or mat aﬂﬁg‘{mﬁ
and from an ggbgﬁéﬁﬁgisk and, nore particularly, to an %mnlca. I sk
apparatus which can correctly access to recordi ng tracks fornmed on
said optical disk regardless of physi cal distortion thereof and

el ectrical distortion of 10 tracki ng systemthereof. Backgr ound

Art In recent years DRSCRIPIION di sk apparat us has
been prosperously devel oped as a neans for recordi ng and r epr oduci ng

data of large capacity. For tORBIGAKN NXSK APBMRATYS approaches to the
hi ghgr recorgéggngg&iityeﬁe made. For
The present invention relates to an optical disk
* 5  apparatus for recording and reproducing an information to
and from an optiéal disk and, more pafticularly, to an
optical disk apparatus which can correctly access to
recording tracks formed on said optical disk regardless of
physical distortion thereof and electrical distortion of
10 tracking system thereof.
Background Art
In recent years, an optical disk apparatus has
been prosperously developed as a means for recording and
reproducing data of large capacity. For this purpose; many
15 approaches to the higher recording density are made. For
achieving such a high recérding éensity, it is necessary to
reduce the inter-recording ﬁit interference, improve the
S/N ratio, and compensate the éignal guality for the
degradation caused by the fluctuations of optical disk
20 medipm and/or optical disk apparatus. Specifically, such
fluctuations mainly relate to the physical distortion of
the optical disk and the propensity of the electrical
circuit used in the optical disk apparatus.
With reference to Fig. 44, the first case
25 relating to the physical distortion of the optical disk is
described. Principally, an optical disk D should be kept
in a flat disk shape when it is set in a disk motor Md, so
that an optical pickup Os can keep its optical axis
‘ perpendicular to the recording surface of the disk D during

30 recording and reproducing operation. For scanning the



achi eving such a high recording density, it is necessary to reduce
the inter-recording pit interference, inprove the S/Nratio, and
conpensate the signal quality for the degradati on caused by the
fluctuations of optical disk 20 medi um and/ or optical disk apparatus.
Speci fi cal | WO 226651 fluctuations mainly relate to the BSF

di stortion of the optical disk and the propensity of the electrical
circuit used.in the optical disk apparatus. Wth
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to Fig. 44, the first case 25 relating to the physical

of the optical disk is descri bed. Principally, an optical
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However, the optical disk D set in the disk motor
Md will hang down its outer circumference due to its
weight. In other wbrds, the optical disk D inclines
downward in a conical shape instead of the flat plate disk
shape. Strictly speaking, the optical disk D also curves
both in the radial and circumferential directions.
Therefore, as a result of such an inclination of the disk
D, the optical pickup Os can not scan the recording tracks
with its optical axis Ax across the_recording surface of
the disk D at a right angle. Furthermore, the crossing
angle varies according to the position of the optical pick
O0s with respect to the optical disk D (the line LR).

Under such conditions, an angle fr formed between
thé optical axis Ax and the recording surface of the disk D
is defined as a “radial tilt angle." An angle 8t formed
between the optical axis Ax and a line LD tangential to the
recording track (or perpendicular to the radius) of the
optical disk D is referred to as a "tangential tilt.”
Generally, the amount of radial tilt 6r of the optical disk
such as a compact disk is within the range from -0.5° to
0.5°.

The second case relating to the propensity of
electric circuits appears such that the laser beam can not
be correctly focused and tracked on the target recording
track even when the focus or tracking signal indicates that
the laser spot is correctly focused and tracked. These

kinds of focus error or tracking error occur regardless of



recording tracks, the optical pickup Os noves in-a radial di rection

I ndi cated by an arrom/Ex on aline LRin alignnment with the radius
of the optical disk D. . However, the optical disk D set in
the disk noto W || hang down its outer circunferenc HPodddods! S
wei ght. In ot h"(?”\%‘%d the optical disk D inclines do&/rcl\?\./ard In a
coni cal shape instead of the flat plate disk shape. Strictly
speaki ng, the optical disk D also curves both in the radial and
circunferential directions. 10 Therefore, as a result of such an

I nclination of the disk D, the optical pickup Gs can not scan the

recordi ng trathat the physicak Shéif'}PFE&Pnaﬁ‘F%h@(s drogpdind tdddr grnghe
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angl e varies acc Ing to e posi |on 0 the optical pick 15 OCs with
respect to the optical &ssk Pegule of rkhd Rbove described fluctumbitensuch
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aimed recording track but non aimed track much.

10 Furthermore, the laser spot can not trace the recording
track, and may loose the track of aimed recording track.
Therefore, the signal reproduction is facing the problems
of crosstalk, insufficient amplitude, noise, wave form
interference, and jittering (asynchronization with the

15 original signal). Thus, the reproduced recording signal
will jitter. When the jittering becomes greater, the
guality of reproduced recording signal is considerably
degraded. Furthermore the reading error by the optical |
pickup increases.

20 "In Fig. 45, the relationship between the
jittering amount (%) and the radial tilt (fr), obtained by
an experiment, ;s shown. The jittering amount shows its
minimum value within a range from +0.1 to -0.1 degree with
respect to the zero-radial tilting position. It is also

25 apparent that the jittering becomes greater at an
increasing tempo as the radial tilt #r becomes greater. In
other words, the jitter shows its minimum when the radial
tilt 0r is set to the minimum.

Thereforé, for reproducing the original signal - -

30 from the recording track under such fluctuating factors, it



25 The second case relating to the propensity of

electric circuits appears such that the | aser beam can not be
correctly focused and tracked on the target recording track even
when the focus or tracking signal indicates that the | aser spot is
correctly fWOPIRESSANd tracked. These 30 Ki nds of focus SHGTAPIEN00E 5cking
error occur regardl ess of - , -2-
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that the physical distortion such as the radial tilt or the

tangential tilt is conpensated. As a result of the above

descri bed figcheebésdy to adjuste tH ioptlicRinC@iexCappavatas WRKR the | aser

spot focusegespect to the physical fluctuations such as radial tilﬁ
and tangential tilt, and the electrical fluctuation such as
focus error and tracking error.

5 With reference to Fig. 46, a conventional optical
disk apparatus which compensates for the radial tilt is
described. The conventional radial optical disk apparatus
includes an optical disk 8101, an optical head 8102, a tilt
sensor 8103, a preamplifier 8104, a radial tilt controller

10 8105, and a radial tilt adjﬁster 8106.
 In operation of thus constructed conventional
optical disk apparatus, the tilt.sensor 8103 outputs a
tilting signal Sr having a voltage responding to the
tilting amount of the optical disk 8101 with respect to the
15 optical head 8102. The preamplifier 8104 amplifies the

| .tilting signal Sr. The radial tilt controller 8105 drives
the radial tilt adjuster 8106 such that thus amplified
tilting signal Sr becomes zero. Thus, the optical head
8102 can be kept in a position parallel to the optical disk

20 8101 so that a signal with a good guality can be recorded
thereto or reproduced therefrom. |

However, with a configuration mentioned above,

the tilt sensor (8103) is an essential component, causing
the manufacturing cost expensive, and should be arranged

25 beside the optical head (8103), preventing the
miniaturization of the optical disk apparatus. _
Furthermore, the tilt sensor should be correctly located in
parallel to the optical he&d, otherwise the parallelism of

optical head to the optical disk can not be adjusted
30 correctly.



5 on the ainmed recording track or trace thereof. Specifically, the
| aser spot thus focused bridges over two nei ghboring tracks, scans
the recording tracks with varying t he crossing angl es, and scans
little or partlall the - ai med recording track but non aj d&P

much. 10 FJW $5te, the Iaser spot can not trace the recor g

track, and nmay | oose the track of ained recording track. Ther ef or e,
the signal reproduction is facing the problens of crosstalk,

i nsufficient anplitude, noise, wave form interference, and jittering
(asynchroni zation with the 15 original signal). Thus, the reproduced
recordi ng si griisclosureniof] tphtﬂawanﬂﬁen the jittering becones greater, the

Brthermore the roadi ng 550 oBEY TP siie” E BRI 1ARRNE son, 1o ELANAE,,
In Fiy. 45, thso rptatiden s bphﬁba&eaisheapparatustﬂh&cnu;dmﬁuunthégb and the

radial tilt ([err!rg, obt ai ned by an experinent, is shown. The
jittering anouffi® its m ni mum val ue within a range from+0.1 to
-0.1 degmee with I eReOstedént Nhviditdiondfeal pekht 889ePESéd iwkh ld IS
al so 25 apparent that the | |tter|gg becones greater at an

i ncreasi ng t e Ehsiantiially: solviag ot 3peve dlesqribed o her

words, the jitdfdadhiitaddss dﬂd‘h%”‘fweﬂté Ness&hfd1 object itd Vih& s

set to the m ninum Therefore, for reproducin
ori gi nal si gnaan 3bmproved mptticale ddsHi hgpuatlksunder such fl uct uat| ng

factors, it In order to achieve the aforementioned objective,

10 an optical disk apparatus for reproducing a signal from a
recording track formed in an optical disk by focusing a
light spot on said recording track, said apparatus
comprises a first pattern generator means for generating a _
first pattern for causing said reproduced signal to jitter;

is and a writing means for writing said first pattern to a
first recording track of said optical disk.

Brief Description of the Drawings
These and othexr objects and features of the
present invention will become clear from the following

20 description taken in conjunction with'the preferred
embodiments thereof. with reference to the accompanying
drawings throughout which like parts are designated by like
reference nuﬁerals, and in which:

Fig. 1A is a plan view schematically showing an

25 optical disk having a calibration data area formed therein
according to the present invention;

Fig. 1B is a plan view schematically showing an
alternative of the optical disk of Fig. 1a;



- 3- WO 97/ 26651 .

PCT/ JP96/ 00048 IS necessary to adjust the optical disk apparatus:
with respect to the physical fluctuations such as radial tilt :
and tangential tilt, and-the electrical fluctuation such as f ocus
error and t WQ¥¥66Slerror. 5 Wth reference tPOI{IFI6NHBS 5
conventional opti cal di sk apparatus which conpensates for the radi al
tilt is descri bed. The conventional radial optical disk apparatus

i ncl udes an optical disk 8101, an optical head 8102, a tilt sensor

8103, a preanplifier 8104, a radial tilt controller 10 8105, and a
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optical disk having two calibration data areas formed
therein according to the present invention;

FPig. 2 is graph schematically showing an erasable
(re-writable) type of optical disk;

Fig. 3 is an enlarged view of a portion the
calibration data area of Fig. 1A which is enclosed by a
circle R; _

Fig. 4 is a graph schematically showing a first
example of signals recorded in the calibration data area of
Figs. 1a, 1B, and 1C; o

Fig. SA is a graph schematically showing the pits |
arrangement of the specific pattern signal of Fig. 3;

Fig. 5B is a graph schematically showing a
specific example of pits arrangement of Fig. 53A;

Fig. 6 is a graph showing a sector construction
of the specific pattern signal of Fig. 4;

Fig. 7 is a graph showing the relationship
between the pit pattern and the signal reproduced

“therefrom; -

Fig. 8 is a block diagram showing an optical disk
apparatus according to a first embodiment of the present
invention;

Fig. 92 is a block diagram showing a jitter amount
measurer and a phase locked loop unit (PLL) of Fig. 8;

Fig. 10 is a graph schematically showing a
construction of a radial tilt adjuster of Fig. 8;

FPig. 11 is a flow chart showing a main routine of
operatioﬁ performed by the optical disk apparatus of Fig. 8 77
with the optical disk of Fig. 1A;



optical disk apparatus, the tilt sensor 8103 outputs a tilting signal
Sr having a voltage responding to the tilting amount of the optical
di sk" 8101 with respect to the 15 optical head 8102. The preanplifier
8104 anplifies the tilting signal Sr. The radial tilt 5ﬁ¥b%ﬁ5
8105 drives WO9T26HH radial tilt adjuster 8106 such that thus anplitied
tilting signal Sr becones zero. Thus, the optical head 8102 can be
kept in a position parallel to the optical disk 20 8101 so that a signa
with a good quality can be recorded thereto or reproduced therefrom
However, with a configuration nmentioned above, the tilt sensor (8103)
is an essenti al corrponerﬂig.calﬂsiiﬁga grapht Ap assdsiengei n§ expladrpngsi ve,

d should b . h
i aturi zatt SRR SELopitE R ERaalE FEoriing B! i adie? T ") | °

sensor shoulclﬂnyeutwaaqtly Iocated I n parallel to the optical head,
DL S SE et 0™ orr bofhg 19 s LHLAEIER NG BRY' Fhasdl bt "

5 evaluating routine block #5 of Fig. 11 and blocks #15 and
#23 of Fig. 14. )
Figs. 14 is a flow chart showing a main routine
of operation performed by'the optical disk apparatus of
Fig. 8 with the optical disk of Fig. 1C;
10 Fig. 15 is a graph showing a relationship between
the address and fhe_bptimum radial tilt adjusting position;
Fig. 16 is a graph schematically showing a second
example of signals recorded in the calibration data area of
Figs. 1A, 1B, and 1C;
15 ) Fig. 17 is a graph showing a sector construction
of the 11T signal of Fig. 16;
' Fig. 18 is a graph schematically showing a third
example of signals recorded in the calibration data area of
Figs. 1A, 1B, and 1C;
20 Fig. 19 is a graph showing an alternative of the
calibration data area of Fig. 3:- .
Fig. 20 is a graph schemaiically showing a first
example of signals recoxrded in the calibration data area of
Pig. 19;
25 Fig. 21 is a graph schematically showing a second
example of signals recorded in the calibration data area of
Fig. 19;
Fig. 22 is a graph schematically showing a third

example of signals recorded in the calibration data area of
30 Fig. 19;
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Di scl osure of the Invention ‘The object of the present

i nvention is therefore to provide an optical disk apparatus which

sol ves these probl-ems. 5 ~The present invention has been
devel oped WWO9H26651 view to substantially solving the abBTEIRIEENMS Hhed

di sadvant ages and has for its essential object to provide an i nproved
opti cal disk apparatus. In order to achieve the

af orenenti oned objective, 10 an optical disk apparatus for reproducing a
signal froma recording track formed in an optical disk by focusing a
light spot on said recqrigj.n@at B8Cla, grapH SROVEIRYG USther alteXAytsSws of first
pattern generator neans for generating a irst pattern for causing

sai d reprodutBg Spahkratéon daks anea of Fig.adiriting neans for witing
said first pattern to jq. fiigr Qi r dj ' t] qal...di sk.
Brief Description of thel%r azv‘\ﬁ r}gs graph Qhﬁ&é{f‘&&lﬂ é?&vﬁr@) 4 Cﬁ_r&_
example of signals recorded in the calibration data area of
S Fig. 23;
' Fig. 25 is a graph schematically showing a second

example of signals recorded in the calibration data area of

Fig. 23;

Fig. 26 is a graph schematically showing a third

10 example of signals'recorded in the calibration data area of
Fig. 23;

Fig. 27 is a graph showing further alternative of
the calibration data area of Fig. 3;
'Fig. 28 is a graph schematically showing a first
15 example of signals fecorded in the calibration data area of
Fig. 27; _
Fig. 29 is a graph schematically showing a second

example of signals recorded in the calibration data area of

Fig. 27;

20 : Fig. 30 is a graph schematically showing a third
example of signals recorded in the calibration data area of
Fig. 27;

Fig. 31 is a block diagram showing an optical
disk apparatus according to a second embodiment of the
25 present invention;
Fig. 32 is a graph schematically showing a
construction of a tangential tilt adjuster of Fig. 31;
Fig. 33 is a graph in assistance of explaining

the tangential tilt adjustment according to the present
30 invention;



These and ot her objects and features of the - present invention wll

becone clear fromthe foll ow ng 20 descri.ption taken in conjunction with
the preferred enbodi ments thereof with reference to the acconpanyi ng
drawi ngs throu out mhlch li ke parts are designated by like PCT/IPS ence
nuneral s, and I Fig. 1A is a plan viéw
schematically shomﬁng an 25 optical disk having a calibration data area
formed therein according to the present invention;

Fig. 1Bis a plan view schenatically show ng an alternative of the
optical disk of Fig. |A WD 97/ 26651 '
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. present 1nvention,

Fig. 35 is a block diagram showing an optical

5 disk apparatus according to a fourth embodiment of the
present invention;

Fig. 36 is a graph showing a first example of the
calibration data area of an optical disk used for the
optical disk apparatus of Fig. 37; '

10 Fig. 37 is a block diagram showing an optical
disk apparatus according to a £fifth embodiment of the
present invention; |

Fig. 38 is a flow chart showing a radial tilt
adjusting operation by the optical disk apparatus of Fig.

s 37; | |

Fig. 39 is a graph showing a modified optical
disk according to the present invention;

Figs. 402 and 40B are graphs showing examples of
the calibration data areas of the optical disk of Fig. 39;

20 ' | Fig. 41 is a block diagram showing an optical
disk apparatus according to a sixth embodiment of the
present invention;

Fig. 42 is a flow chart showing a radial tilt
adjusting operation of the optical aisk apparatus of Fig.

25 41; |

Fig. 43 is a block diagram showing an optical
disk apparatus according to the eighth embodiment of the
present invention;

Fig. 44 is a graph in assistance of explaining

30 the radial tilt of the optical disk;



Fig. 2 is graph schematically showi ng an erasable 5 (re-witable) type

of - opti cal .disk; _ Fig. 3 is an enlarged view of a portion

t he calibration data area of Fig. 1A which is enclosed by a

circle R ' - Fig. 4 is a graph schematically showing a first
10 exanpl WOSM/2665nal s recorded in the calibration data aﬂgaumﬁ%ﬂuﬂ

Figs. 1A, 1B, and 1C Fig. A is a graph schematically
showi ng the pits arrangenent” of the specific pattern signal of Fig.

3; Fig. 5B is a graph schematically showing a 15

specific exanple of pits arrangement of Fig. SA Fig. 6is
a graph show ng a SeCtﬁngGmFtiréK‘at ig¥aph in a%fs.ﬁsl%an%léearf ERoR#h§etResi gnal
of Fig. 4, Fig. 7 is a graph showi ng the relationship

bet ween t he ‘iﬂ]tatﬂd’t”csé‘rlﬁ’ M"FHB thgnardiaprbilecandothe jitdrearingn

Fig. 8is a%ﬁ?#¥§ a#d am showi ng an optical disk appar atus accordi ng
to a first enbodi nent of the present I nventi on; Fig.
9 is a block diagram shbgu n4f ai§ ia thdrockmsimgras: showdagureconwentiiphate

| ocked .l oop P Fig. 10 is a graph
schemafi cal | %umﬁ:#iSk apbgag*‘“"glgr'lstructlon of a radial tilt adjuster of
Fig. 8; Best uode For Kagyryihbgi out themmnhantiGHOMAng a mai n routine of

operation perfornmed b e optical i sk ar at us of _Fi th the
ogtical digk of Fig. { eP P ng to é&g. 1 one exanmple %f an optxcm&

disk usead 1n an optical disk apparatus according to the
present invention is shown schematically. The optical disk
10 1 has a data recording area 2 and a calibration data area 3
formed in a lead-in area thereof. In the calibration data
area 3, a predetermihed-calibration data is recorded.
Referring to fig. 1B, a specific example of the
optical disk 1 similar to that of Fig. 1A.is shown. In
is this example, the optical disk 1 additionally has a dummy
' data area Dd pfovided inside of the calibration data area
3, and a control data area Dc provided between the
calibration data area 3 and the recording area 2. These
areas D4, 3, and Dc are formed in a lead-in area of the
20 disk 1. | _
| The dummy data area D4 extends toward the center
of disk 1 to the position to which the optical pick up of
the optical disk apparatus can access. The dummy data area
DA is recorded with dummy data only for enabling the
25 optical pick up to access thereto so as to place the
optical pick-up in inner area than the calibration data
area 3.
The calibration data area 3 is recorded with a
calibration data recorded to-preferably, but not limited

30 to, more than one-fourth of a full circle thereof. The
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Fi.g. 12 is a graph in assistance of expl aining the radial tilt

adj ust mrent according to the present - i nventi on; Fig.
13 is a flow chart showing the radial tilt 5 eval uating r ' k #5
of Fig. 11 an¥V®Y¥HRREY #15 and #23 of Fig. 14. OH&hﬂSaab%gs.
14 is a flow chart showing a main routine of operation performed by
the optical disk apparatus of Fig. 8 with the optical disk of Fig.

1C, 10 Fig. 15 is a graph showing a rel ationship between

control data area Dc is recorded with various information
data relating to the optical disk 1 such as addresses of
the calibration data area 3.
Refetring to Fig. 2, calibration data track area
5 3, formed in an erasable or re~writable type of optical
disk for examﬁle, enclosed by a circle R in Fig. 1A are
shown. The calibration data track area 3 has at least one
calibration data track area 23; wherein the calibration
data is recorded. The calibration data track area 23
10 preferably comprises three recording tracks.

Each track has a plurality'éf piﬁs formed therein
for recording information, and is independent from the
neighboring tracks. The boundaries of these neighboring
tracks are indicated by imaginary 1ines?24 in Fig. 2 for

15 the sake of better recognition. The reéording track is
defined by a land portion'PL and a groove portion PG.

An upper line L1 shows a surface outline of the
optical disk wherein the information is recorded only in
the groove portions PG. In this case, the groove portions

20 PG are defined as the boundary lines 24. Wheh the
information is recbfded in the groove portions PG only (not
shown in Fig. 2), the land portions éﬁ are defined as the
boundary lines 24. _ '

A lower line L2 also shows a surface outline of

25 the optical disk wherein the information is recorded both

' in the land and groove portions. In this case, each area
between neighboring leading and trailing edges corresponds

to each recording area that is a groove portion PG or a
land portion PL.



t he address and the optinumradial tilt adjusting positionf

Fig. 16 is a graph schematically showi ng a second exanpl e of signals
recorded in the calibration data area of Figs. 1A, 1B, and 1C, 15

Fig. 17 is a graph showi ng a sector construction of the | 1T signal of
Fig. 16; WO 9726651 Fig. 18 is a graph schematically SW hi rd
exanpl e of signals recorded in the calibration data area of Figs. 1A

1B, and 1C, 20 Fig. 19 is a graph showing an alternative of
t he calibration data area of Fig. 3; Fig. 20 is a

graph schenmatically showing a first exanpl e of signals recorded in

the calibration data argsfeé¥ring to Mig. 39 aBSexample of calft®htfdhis a
graph schematjcally showi,ng a second exanpl e of SI nal s recorded in
the cali brat i Are2aBedSoFhown onmay enkprged scale. e datpgarea 3s g

gr aph SChe”atﬂé‘é"ﬂMeﬁ“E%Eﬁsasﬁh'ﬁ' agnd 3£XaHH aiils %hﬂi&%'iﬁ:eﬁ%co'i:ﬂgd in

the calibration data area
-7- first, second, and third tracks 32, 33, and 34 are arranged

5 in order from the inside toward the outside of the optical
disk 1. On both sides of the calibration data track area
23, tracks 20 and 21 are provided, respectively. Each
track has a plurality.of pits 22 formed therein for
recording_information.-

10 | The boundary linés,-indicated by imaginary lines
24, may be actually defined by any suitable indicating
means such as grooves or images. Hereinafter, a pit and a
distance between neighboring two pits in a single track are
referred to as a "pit mark"™ and a "pit space”,

15 respectively. Furthermoré, the distance between
neighboring two tracks corresponding to a distance between
neighboring two boundary lines 24 is referred to as a
Ytrack width" in this specification. Note that, all tracks
32, 33, ﬁnd 34 have the same track width T1 as that of

20 recording tracks formed in the recording area 2 of the
optical disk 1, as best shown in Fig. 3.

Note that the "pit mark" in this specification
means a certain portion having a different characteristic
in light reflecting ability from the other portions of the

25 matrix of the.optical disk, and is used for recording
digital information. For example, in the compact disk
system, the pit mark is formed by engraving or rasing
corresponding portion of the matrix of the optical disk.
Furthermore, in a phase changing optical disk, the pit is

30 formed by non-crystallizing corresponding portion of the

- 12 -
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Fig. 23 is a graph showi ng other alternative of the calibration data
area of Fig. 3; Fig. 24 is a graph schematically showi ng a
first exanpl e of signals recorded in the calibration da 5
Fig. 23; WO 97/26651 Fig. 25 is a graph schematically shg’% g’gg@osecond
exanpl e of signals recorded in the calibration data area of Fig. 23;
Fig. 26 is a graph schematically showing a third 10 exanpl e of .signals
recorded in the calibration data area of Fig. 23;

Fig. 27 is a graph show ng further alternative of t he. calibration

data area of Fmgtr3x so that the pit pdﬁtjonzasidiifgraph $crhwnthecathgr
SO 19 & 1115 hebBuy 1B Ecfledl ARG LLIRLIE R CALGH, 2popgit 2
showi ng a Secoﬁdgneto optic disk, the pit is formed by chaining the

| direction of lattice plane of the corresponding portion.

5 Thus, it is apparent that any suitable construction or
substance that has a different characteristic in light
reflecting ability from the other portions of the matrix.

Referring to Fig. 4, a first example showing
signals recorded in the calibration data track area 23 (3)

10 of Fig. 3 is shown. Note that no pit is indicated in this
figure for the sake of brevity. The first track 32 is
recorded with a random signal SR. The second track 33 is
recorded with a specific pattern signal SP. The third
track 34 is recorded with the random éiénal SR.

15 The random signals SR is produced according to a
(2,10) Run Lenght Limited Code, and including 3T signal S3T
to 11T signal S11T. Note that "T" represents a channel bit
length according to ISO/IEC 15963. |

_ This situation can be described as follows with

20 reference to the pit mark and pit space on the optical disk
1. The random signal SR is a combination of a plurality of
pit marks and pit spaces.. The pit marks have a
predetermined nunbker, nine for example, of different length
each corresponding to that of 3T signal 83T to 11T signal

25 S11T. The pit spaces have a predetermined, nine for
example, of different lengths each corresponding to that of
signals S3T to signal S11T. The first specific pit pattern
recorded in the second track 33 will be described later

with reference to Fig. 5A.
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exanpl e of signals recorded in the calibration data area of Fig. 27;

20 Fig. 30 is a graph schematically showing a third

exanpl e of signals recorded in the calibration data area of Fig. 27;
Fig. 31 is a block diagram show ng an opti cal di sk appar at us
accordi ng t oWOSHE¥6Hd enbodi nent of the 25 present i nvent PEFIP96/00043

Fig. 32 is a graph schematically showi ng a construction of a .
tangential tilt adjuster of Fig. 31; Fig. 33 is agraphin
assi stance of explaining the tangential tilt adjustnment according to
the present 30 I nventi on; - 8-

WO 97/ 26651 An apparatus for recording Ehd&dF38190046ion

signals such as signals SR and SP to the calibration data
track area 23 will be described later. By utilizing such
calibration data'recording apparatus (Fig. 43), the vender‘
5 or user can prepare the optical disk recorded with the
calibration data before or after the shipment of the
optical disk to the user.
Note that the data recording area 2 of the
optical disk 1 is recorded with a sighal which is produced
10 a (2,10) Run Length Liﬁited.Code; heréinafter referred to
as a "2-10 modulation."” Any other modulation process other
than 2-10 modulation is applicable according to the present
invention. For example, a 3T signal S3T according to the
2-10 modulation process corresponds to a 2T signal
1s according to a (1,7) Run Length Limited Code, hereinafter
referred to as "1-7 modulation."® A 11T signal S1iT
according to the 2-10 meodulation process corresponds to an
8T signal S8T according to the 1-7 modulation. The 3T
éignal S3T and 11T signal S11T shall correspond to the
20 minimum run length and the maximum run length,
respectively, according to other modulation process.
Referring to Fig. 53, an example of the pit
pattern of the specific pattern signal SP is schematically
shown. The specific pattern signal SP is formed by
25 repeating a combination of first and second pit patterns
| 3207 and 3208. In other words, the first and second pit
patterns 3207 and 3208 are alternately recorded to the
aimed recording track, for example the second recording

------ track 33 of the calibration data area 23.



Fig. 34 is a block diagram showi ng an opti-cal di sk appar at us

according to a third enbodinent of the . present invention; .
Fig. 35 is a block diagram showi ng an optical 5 di sk apparatus accordi ng
to a fourth enpadi of ‘the present invention; PCT/IPY600048 1 O
36 is a graphngﬁﬁhﬁﬁgﬁa first exanple of the calibration data area of
an optical disk used for the optical disk apparatus of Fig. 37; 10
Fig. 37 is a block diagram show ng an opti cal di sk appar at us
according to a fifth enbodi nent of the present invention; _

Fig. 38 is a flow chart showing a radial tilt adj usting operation by

the optical disk apparat BhepffiEisg. pattern33207 includes a minorFpdt f8rks a

3L PO S IR p ol SRS WA R o

i nvention; \
of * the can weforenardt ateeraheinbe piti parkddsé2 ofith dreifec o
Fig. 41 is a bl am showi ng an opt, ca | sk _appar at us

according to atgﬁgfﬁbgggbﬂgngﬁ ens (e l“°r|BFEsEﬁngﬁ%%%t*ﬁnﬁmaller
Fig. 42 is a flhmarchatasepoupoy Lo rididlated by a dotadisetimaripersyon of
the optical di Séﬁ:da%g?(r ?:E:giegporlnzzli gﬁo the minimum run length. The major
spaces 3201 and 3203 are greater than the laser spot Ls,
and may correspond to the maximum run length.

The second pit pattern 3208 includes a minor pit

10 space 3205 and two major pit marks 3204 and 3206
respectively arranged before and after Fhe ninor pit space
3205. The minor pit space 3205 is smaller than the laser
spot Ls, and may correspond to the minimum run length. The
major pit marks 3204 and 3206 are both greater than the

15 laser spot Ls, and may correspond to the maximum run
length.

Note that the diameter of laser spot Ls is
determined so that the laser spot Ls has a light strength
as 1/e2 times of a central strength, wherein "e" represents

20 the base of a natural logarithm. It is also possible to

' add address and Error Correction Code (hereinafter referred
to as "ECC") to the specific pattern signal SP within a
single sector thereof.

Referring to Fig. 6, one example of the specific

25 pattern signal SP within a single sector is shown. The
address data and Error Correction Code are added to ends of
the specific pattern signal SP, respectively.

Referring to Fig. 7, a signal reproduced from the
data track 33 having pit patterns of Fig. 5a is

30 schematically shown. A solid line Wc represents a signal

- 15 -



25 41 ' Fig. 43 is a block diagram show ng an opti cal

di sk apparatus according to the eighth enbodi nent of the pr esent

i nventi on; Fig. 44 is a graph in assistance of explaining
30 the radial tilt of the optical disk;

-9- ' WO 9772668 07/ 26651 ' PCT/IP96/00048
PCT/ JP96/ 00048 Fig. 45 is a graph in assistance of
showi ng t he rel ati onship between the radial tilt and the jittering
anount ;. and- Fig. 46 is a block diagram show ng a

conventi onal :
reproduced from the pit pattern 3207 of Fig. 52, wherein

the pit mark 3202 smaller than the laser spot Ls
sandwitched by pit spaces 3201 and 3203 each greater than
the laser spot Ls. An imaginary line Ws represents a
5 signal reprodhced from a pit mark 3202L greater than the
laser spot Ls. The pit mﬁrk 3202L is formed in a shape of
the pit mark 3202 but is elongated toward the pit space
3201 accordingly.
A horizontal center line Si1 is a slice line

10 dividing the amplitude of the reproduced signal. Since the
laser beam reflected from the track (33) changes according
to the area of pit, the reproduction signal from the pit
mark 3202L changes its amplitude greater than that from the
pit mark 3020 aoes. In this case, the pit mark 3202L

15 reduces the amplitude of the signal Wc reflected therefrom
more and rapidly than the pit mark 3202 does.

As a result, the reproduction signél Ws crosses
the slice line Sl earlier than the signal We by a jittering
amount Aj, as apparently shown in-Fig. 7. A distance

20 between these crossing points represents a jittering of
reproduced signal at which the present invention aims. For
forming these pit marks, any marking means distinguishable
from the matrix portion such as undulated surfaces (sunk or
rased from the matrix surface), magnetizing direction, and

25 crystallization state (crystallized or amorphous) can be
used.

In étead of the pattern shown in Fig. Sa, it is
possible to form the specific pattern signal SP so as to
compare the reproduction amplifier of a pit mark or a pit

30 space smaller than the laser spot with a pit mark or a pit

- 16 -



5 optical disk apparatus. Best Made For Carrying Qut the Invention

Referring to Fig. | A, one exanple of an optical di sk used in an
optical disk apparatus according to the present invention is shown
schematically. The optical disk 10 | has a data recording Fgﬁ,aﬂ,gsa
cal i bration d¥097 3  formed in a lead-in areathereog. n the
cal i bration data area 3, a predetermned calibration data is

recor ded. Referring to Fig. 1B, a specific exanple of the
optical disk 1 simlar to that of Fig. 1A is shown. In 15 t hi s exanpl e,
the optical disk 1 additionally has a dumy - data area Dd provided

i nsi de of the =pade grieategatthanar the laser spokd Susmtpatttern dsarea Dc

ded b b
> “These | nsitiye tor” The pRLAT 8L € Terle FRMMY SRAALGY 01 00

di sk 1. circuits suthe adunhge ddﬁas’enent[hlferxher@ammﬂs he center

of disk 1 to the 03|t|on to whlch opti cal k.up o he opti cal
di sk appar at us Hﬁ;g QFaéﬁ?ﬁﬁigég 1a€%F1s Qﬁﬁnﬁhﬁf
dummy " dat g onl )bémbﬁﬁ’lﬂﬂ ra&ﬁaharas 23 BAlY CAkeds ChnélPri&cGRRES dldhereto so

as to place the optical pick-up_iin inner area than the calibrat,ion
data ar eXesorded with the speci}fic.Rptberni AoRa} SBERX PHOUCGING: ded
with a Calnd it 9 A %@r qunt;@ Qési-saaééa t}b&emml imted 30

to, nore than one-fourth of  a full cirfcle thereof
Referrlng to Fig. SB a typical example of the

pit pattern of the specific patterh signal SP of Fig. 5A is
10 shown. The first pit pattern 3207 is formed such that the
first major pit space 3201, the mihor pit mark 3202, and
the second major pit space 3203 extend in the longitudinal
direction of the track by the lengths 6T, 3T, and 7T, .
respectively. In other words the majo; pit mark 3202 is
15 separated from the neighbofing pit marks by the intervals
6T and 7T, respectively, as best shown in Fig. 5B. The
first pit pattern 3208 has the length of 16T. |
The second pit pattern 3208 is formed such that
the first major pit mark 3204, the minor pit space 3205,
20 and the second major pit mark 3206 extend in the
longitudinal direction of the track by the length 6T, 3T,
and 7T, respectively. In other wor&s, the two major pit
harks 3204 and 3206 are separately arranged with the
interval 3T which is the length of the minor pit space
25 3205. The second pit pattern 3208 has the length of 16T.
In this example, the recording track 33 for
example is recorded by the specific pattern signal sp
formed by the repeatedly arranged two pit patterns 3207 and
3208 each having the length 16T. However, it is apparent

30 from the descriptions with reference to Fig. 7 that the

- 17 -



- 10 - WO 97/ 26651 control data area Dc is recorded
with various information data relating to the optical disk 1 such as
addr esses of the calibration data area 3. Ref erri ng
to Fig. 2, calibration data track area 5 3, formed in an erasable or
re-witabl e twoewzssopti cal di sk for exanple, encl osedPGEJIFRM04R| ¢ R
in Fig. A are shown. The calibration data track area 3 has at | east
one calibration data track area 23, wherein the calibration

data is recorded. The calibration data track area 23 10 preferably
conprises three recordi ng tracks. Each track has a

plurality ofgpidsefdREdiis85Ral SP that only répeating one of two
pit patterns 3207 and 3208 is enough for producing the
jittering in the reproduced signal. Needless to say that
the combination of the two pit patterns 3207 and 3208 is
5 effective to enhance the production of jittering.
First embodiment

Referring to Fig. 8, an optical disk apparatus
according to the first embodiment of the present invention
is shown. The optical disk apparatus P1 includes an

10 optical pickup unit 122 for.impinging a laser beam to an
optical disk 1 for recording the information thereto and
reproducing the information therefrom. For this purpose,
the optical pickup unit 122 includes a laser diode 123 for
impinging the laser beam,.optical instruments for focusing

15 the laser beam on a'recording track of the optical disk 1
and the reflected laser beam from the optical disk 1 on a
desirable position, and a pin photo diode 124 for receiving
the reflected laser beam to produce an electric signal
indicative of the condition of thus laser impinged

20 recording track.

A transporter 58 is provided for moving the
optical pickup unit 122 in the radial direction of the
optical disk 1 so as to scan the recording tracks formed

. thereon by impinging the laser beam thereto. Thus, the

25 optical pickup unit 122 and the transport 58 construct an
optical pickup system Os. The tréhspo:ter 58 is placed on
a tilting unit 60 which can tilt or incline in the radial
direction with respect to the optical disk 1.

Referring to Fig. 10, the tilting unit 60 is

30 shown. The tilting unit 60 has a base plate Pr for
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for recording information, and is independent fromthe nei ghbori ng
tracks. The boundaries of these nei ghboring tracks are indicated by
imaginary lines 24 in Fig. 2 for 15 t he sake of better recognition. The

recording track is defined by a |and portion PL and a ¢ i on
PG WO972665)\n ypper |ine L1 shows a surface outli nei’g.?)“ﬁ?&%&

optical disk wherein the information is recorded only in t he groove
portions PG In this case, the groove portions 20 PG are defined as the
boundary |ines 24. \Wen the- information is recorded in the groove
portions PG only (not shown in Fig. 2), the land portions PL are
defined as t hsupportihgubharyransprrtdt 58 thereon and a fAlbpumrmemberl?2

ol 50 Shove o L Tage el 38 Blednard 15 B et SolnShohActhg cu 1 o
case, each ar galcrum mbfibuEehr PAINIDId ManmRadiol] caRttihedel), Nangdges
corresponds to each recording area that is a groove portion PG or a
| and portion pnother end thereof)\is plpnesh on one end of a vertical
PCT/ JP96500048 eciprocating member Tr. The other end of the vertical
reciprocating member Tr is slidably connected to a radial
tilt adjuster 67.. In this example, the vertical
reciprocating member Tr is made by a screw which can be
turned by the radial £ilt adjuster 67, and is reciprocated

10 in the vertical direction indicated by an arrow Dz.

Every time when the base plate Pr is tilted by
the turn of the reciprocating member Tr, the jittering
amount of the signal reproduced from the calibration data
track area 23 by the optical pickup unit 122 is measured.

15 According to changes of the tilting angle of the base plate
Pr, the angle of optical axis Ax of the pickup unit 122
with respect to the recording surface of the disk 1 also
changes. As a result, the crosstalks from the first and
third tracks 32 and 34 neighboring to the second track 33

20 vary, and then the jittering of the signal reproduced from
these calibration data track 33 also varies. Note that the
position at which the jittering amount of the reproduced
signal shows its smallest value is the optimum position for
the radial tilt. _

25 Referring back to Fig. 8, a preamplifier 125 is
connected to the optical pickup unit 122 for increasing an
amplitude of signal from the pin photo diode 124, and
produces a reproduction signal. This reproduction signal
varies according to the lengths of pits- formed in the

30 recording track of the optical disk 1.
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Referring to Fig. 3, an exanple of calibration date area 3 is shown
on an enl arged scale. The data area 3 has three tracks 32, 33, and
34. In this enbodi nent, the first, second, and third tracks 32, 33,
and 34 are arranged 5 in order fromthe inside toward the outside of the
opti cal WORTBKESL. On both sides of the calibration dataRqT

23, tracks 20 and 21 are provided, respectively. Each track has a
plurality of pits 22 formed therein for recording i nformation. 10

The boundary lines, indicated by imaginary |ines 24, may be actual ly
defined by any suitable indicating means such as grooves or inages.

Hereinafter, a pit andad equaliflrStiEdsieonneatea gbbenrbngrédmppitsern a
single track are referred to as a "Eéé mar k" and a "pit space", 15

respect i vel y125 fR% RaGRIVENG: thegrepEaductisnctipgnal and,giedusas e wo
tracks corr espanoi ikl andies b2NERe PEEYRSAuCt 1on SEIHIOr i1y two boundary
llt k H H

lines 24 is referred to as a . track width™ 1n"this specification.
Note that, apinarimakion circwit 337 dadcounected tte thereguaddeer A26 T1 as

(et o 20,y eqF GO YA BBk ok AP D SRR,

"pit mark" irepioductpion fsigm@losd. It asabe be osotexd reheEot tihen having a

different Ch&ﬁgfé§ii§§.(%eproduction signal Sd is subject to the
crosstalk, insufficient amplitude, noise, wave form
interference, and jittering,_as described in the above.

10 A phase locked 106p unit (PLL) 129 is connected
to the binarization circuit 127 for receiving the digitized
reproduction signal Sd therefrom, and produées a
synchronization signal §510. The generation of the
synchronization signal S510 will be described later with

15 reference to Fig. 9.

A sampling circuit 1210 is connected to the
binarization circuit 127 and the phase looked loocp unit 129
for receiving the digitized'reproduction signal Sd and the
synchronization signal S510, respectively, therefrom.

20 Then, the sampling circuit 1210 samples the digitized
reproduction signal Sd with respect to the synchronization
‘signal S510 to produce a channel data S511.

A decoder 1211 is connected to the sampling
circuit 1210 for receiving the channel data S511 therefrom,

25 and decodes it by applying the error correction to
reproduce an original signal Srp. Thus decoded signal Srp

| is further transferred to the next stage of operation.

A jittering amount measurer 41 is connected to

the binarization circuit 127 and the phase locked loop unit

30 129 for receiving the signals Sd and S510 therefrom,
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in light reflecting ability fromthe other portions of the 25 matri x of

the optical disk, and is used for recording digital information. For
exanple, in the conpact disk : system the pit mark is formed by
engraving or rasin -correspondi ng portion of the matrix

optgi cal di sk. WO97 rthernore, in a phase changi ng opti cal a,?%mspit
s 30 formed by non-crystallizing correspondi ng portion of the

- 12 - WD 97/ 26651

PCT/ JP96/ 00048 matrix so that the pit portion is different from
t he ot her matrix in the crystallization construction. Also, in the

magnet o opt i c mespectively.t Baskdr obdthpsehtwoi sjjghaaks Sd and S510, the
jittering amount measurer 41 measures the jittering amount
of the signal reproduced from the calibration data track
area 23, and produces a jittering signal Sj.
5 Referring to Fig. 9, the details of the phase
locked loop unit 129 and the jittering amount measurer 41
are described. The phase loop lock unit 129 includes a
first phase comparator 131, a low-pass filter 132, a
voltage controlled oscillator  (VCO) 133, a frequency
10 divider 134, a gate circuit 135, and a D-type flip-flop
circuit 138 connected to each other, as best shown in Fig.
9. The jittering amount measurer 41 includes a second
phase comparator 53, a high-pass filter 51, a detector 54,
and an A/D converter 52 connected to eaéh other, as shown
is5 in Fig. 9. The first phase comparator 131 is connected to
' the binarization circuit 127 for receiving the digital
reproduction signal S8d therefrom, and is further connected
to the gate circuit 135 for receiving a signal S1421
thexrefrom. The second phase comparator 53 is connected to
20 the binarization circuit 127 and the D-type flip-flop
circuit 138 for receiving the signals Sd and S510,
respectively, therefrom.
In operation, the first phase comparator 131
dstects a phase difference between the reproduction signal
25 Sd and a signal S141 from the gate circuit 135 to produce a
first phase difference signal 5139 indicative of phase
difference and frequency difference between those signals
Sd and S141. The low-pass filter 132 extracts only the low
frequency components from the difference signal S139 to

30 produce a VCO control signal having a voltage for
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direction of lattice plane of the corresponding portion. 5 Thus, it is

apparent that any suitable construction or substance that has a
different characteristic in |ight reflecting ability fromthe other
portions of the matrix. Referring to Fig. 4, a first

exanmpl e showw@P726651 signals recorded in the calibration dRCARRIENRSr ea
23 (3) 10 of Fig. 3 is shown. Note that no pit is indicated in this

figure for the sake of brevity. The first track 32 is recorded with a
random signal SR The second track 33 is recorded with a specific
pattern signal SP. The third track 34 is recorded with the random

signal SR tontrolling the V80 189(0MBSs&Nad:s 3R d Vdy edmeed12eighding to a
(2,10) Run Lenght Limted Code, and including 3T signal S3T to 11T

signal S11THVEO A3 Prodpepeedefieck signmklSI%. The fremyencuccor ding
to ISOTEC 308 %er 134 divides thﬁgéib;écf'é;#{i}ﬁdalg%fﬁ" godgscribed as

follows with 20 reference to t t ma pi't 'space on the optical
di sk prefiesernitded frggquensR. i sThe cyate rmiranitof13s phsseki theof

pit magks a i . eln ' have.a. . redetermn nunber,
ni ne f%r ex%%#‘é’fl %%%&F%‘ gfgﬁt ebéng?% endy %h"c‘ﬁ’%ﬁ’%sﬁﬁﬁ n§™ gthat of
3T signal S¥eproduttiopnslighdl sdSiAput €heregtid. spaces have a

pr edet er mi ned, nine fQ%? ther 4 Ie,ng% different | engths each |
corresponding to that other woxify SNSYTWhENsFHRFeREIducHiph r§ignal
speci fic pitsqdist priesent, thecgregdensdy tdpvEesd BlidiAcls133 Wl | be

described | ater wth reference to Fig. 5A
transferred to the phase comparator 131 and the D-type.

10 flip-flop circuit 138 as the'signal S5139. At this time,
the VCO 133 operates such thaf two input signals Sd and
S141 (S139) have the same phase. As a result, the
synchronization signal S$510 synchronized with the basic
period of the digitized reproduction signal sd is obtained.

15 ) The second phase comparator 53 detects the phase
difference between those signals sS4 and $510, and then
produces a second phase difference signal S140 indicative
of thus detected phase difference. .

The high-pass filter 51 extracts the high

20 frequency components from the second phase difference
signals S140 and transfers it to the detector 54.

The detector 54 detects this high frequency
components and produces a signal S53. The greater the
jitter of reproduction signal Sd would be, the greater the

25 signal S53 becomes. The A/D convertor 52 digitalize this
signal S53 to produce the jitter signal Sj indicative of
(corresponding to) the current amount of radial tilt ér.

Referring back to Fig. 8, a radial tilt evaluator

50 including first and second memory storage 51 and 52 is

30 connected to the jittering amount measurer 41 for receiving
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D 97/ 26651

PCT/JP96/00048 T An apparatus for recording these
signals such as signals SR and SP to the calibration data
track area 23 deseribed later. By utilizing such @#%@@ﬁé
data recordi ng gﬁﬁﬁggfus (Fig. 43), the vender 5 or user 05ﬁ¥ r

optical disk recorded with the calibration data before or after t

shi pment of the optical disk to the user. Not e t
the data recording area 2 of the

calibration

10

15

20

25

30

the jittering signal Sj to detect the amount of radial tilt
0r. The radial tilt evaluator 50 produces a radial tilt
adjuster control signal Stl for controlling the radial tilt
adjuster 67 so as to tilt the tilting unit 60 by a

. predetermined tilting pitch. The evaluator 50 is connected

to the radial tilt adjuster 67 by a line Lrl for
transferring the signal Stl therethrough.

A radial tilt controller 54 having a third memory
storage 55 is connected to the radial tilt evaluator S50 by
lines Lr2 and Lr3. The controller 54 is further'connected
to the radial tilt adjuster 67 by‘a line Lr4, and the
transporter 58 by lines Lr5 and Lré. h

When the radial tilt calibration operation
starts, the radial tilt controller 54 ﬁroduces and
transfers a start command signal Sc to the radial tiit
evaluator 50 throuéh the line Lxr2. On receipt of the
signal Sc, the radial tilt evaluator S50 produces the radial
tilt adjuster control signal Stl. Then, the optical pickup
system Os starts to scan the calibration data area and
reproduces the signal Sj in a manner described above. The
radial tilt evaluator 50 detects the current jitter amount
at the current titling angle based on the signals S8j and
Stl. Thus, detected address and the jitter amount are
stored in the memory storages 51 and 52, respectively, and
are renewed every time when the tilting unit 60 changes the
tilting angle by the current signals Sj and sta.

Based on thus renewed data, the radial tilt
evaluator 50 determines an optlmum tilting angle at which
the radial tilt 6r is the smallest, and produces an optimum-

tilting angle signal séfa. This signal Sfa is transferred

- 23 -
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optical disk 1 is recorded with a signal which is produced 10 a (2,10)

Run Length Limted Code, hereinafter referred to as a "2-10

nodul ation.” Any ot her nodul ati on process ot her than 2-10 nodul ati on
i's applicable according to the present i nvention. For exanple, a 3T

signal S3T adN@PUI6RH to t he 2-10 nodul ation process coPE¥ to a
2T signal 15 according to a (1,7) Run Length Limted Code, hereinafter

referred to as "1-7 nodulation.” A 11T signal S11T according to the

2-10 nodulation process corresponds to an 8T signal S8T according to
the 1-7 nodul ation. The 3T signal S3T and 11T signal S11T shal

correspond tgot dke Zhdiallt¥IV Bdnttd1aRe BaaRHrblignTRKEMUTHhE Ulrs ENGLY
respectively, according to other nodul ati on process.

Referring tol®iBtoXsd Hm e MemoTor stieraget 55.  pattern of the specific
pattern signal SP is seRenBha¢ah! ¥11t conthOiVe T?@{B’iﬁ]é(gsc DR gnal
I r an Pi

SP is fornmed by 25 repeati ng a conbination 65 secon
patterns tilgoommpenssRcth dignalh&t2nbeded thether sigaall sésond pit

PaCt 11 200 30e 0208 g8 ol A SRENIER SR Birppns o E1E

cal i brati on ang2easamdh QA% determined optimum angle. This radiall¥iit
compensation signal St2 will be transferred to the radial
tilt adjuster 67 through the line Lr4, so that the radial
tilt adjuster 67 drives the tilting unit 60 to set the

10 optical pickup system Os at.the optimum radial tilt
position. _

The controller 54 further produces a transporter
driving signal sml for driving the transporter 58 to move
the optical pickup system Os to scan the optical disk for

15 recording or reproducing the signal. The transporter 58
produces an address signal Sm2 indicative of the current
position of thé system Os with respect to the optical disk
1, and feeds it back to the controller 54 through the line
Lré.

20 With reference to Fig. 11, the radial tilt
adjusting opération by the optical disk apparatus P1 of
Fig. B8 with the opticalhdisk 1 of Fig. 1A is described
bellow. Each of blocks in the flow chart shows the routine
block.

25 At block #1, when the operation starts, the
controller 54 controls the transporter 58 to move an
optical head of the optical pickup unit 122 toward the
lead-in area of the disk 1. The optical pickup 122 reads
the lead-in area first to know the address of the

30 calibration data track area 23. Based on this address
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WO 97/ 26651 - PCT/ JP96/ 00048 _
The first pattern 3207 includes a mnor pit mark 3202 and two maj or
pit spaces 3201 and 3203 each arranged on before and after the m nor

it mark 3202 \it ect to the recording order. The jm ;}?gﬁm%' s
ﬁark 3202 is s *ﬁﬂ%@?g than a | aser spot Ls indicated by 5%30 Ine in
Fi g. 5A, and may correspond to the minimumrun | ength. The nmaj or
spaces 3201 and 3203 are greater than the | aser spot Ls, and may
correspond to the maxi mum run | ength. The second pit

pattern 3208 includes a mnor pit 10 space 3205 and two major pit narks
3204 and 32066ata, thesprdial dtidtyqontyed lest Sacfunghert eonthelsithe pit

Spot Ls, and ceomSROfedl 6% ¢4 laql e it iR 1" Hlalt” (ob TRl BicRRET | 1
mar ks 3204 anun$£0622) etbotlie grestteion hexlawhdhe calibration data track
area 23 of the disk 1. The optical pickup unit 122
5 reproduces the calibration data from the data track area
| 23. In this example, the calibration data track area 23 is
provided in an inner circumference, but is not 1limited to
thereto. Any suitable position in the disk 1 can be used
for the calibration data track area 23. Then, the
10 procedure advances to the next block #3.

At block #3, the radial tilt controller 54
produces and transfers the start command signal Sc to the
radial tilt evaluator 50 to start the radial tilt
evaluating operation. Then, the procehure advances to the

1s next block #5.

‘At block #5, the radial tilt evaluatiné operation
by the radial tilt evaluator 50 is performed to obtain the
optimum radial tilt fr. The operation of this block will
be detailedly described later with reference to Fig. 13.

20 Thereafter, the procedure advances to the next block #7.

At block #7, the radial ti;t controller 54 stores
the optimum tilting angle signal S@a obtained at the block
#5 in the third memory storage 3. Then, the radial tilt
controller 54 further drives the radial tilt adjuster 67 to

25 set the base plate Pr of tilting unit 60 at the optimum
position according to the optimum tilting angle signal sé.
Thereafter, the optical head of optical pickup unit 122
moves on the base plate Pr of the tilting unit 60 with the
optimum radial tilt #r in the radial direction Dr for

30 recording and reproducing operation.
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15 | aser spot Ls, and may correspond to the maxi mum run | engt h.
Note that the dianmeter of |aser spot Ls is determ ned so that the

| aser spot Ls has a light strength’ as |/e2 tines of a central
strength, wherein "e" represents 20 the base of a natural logarithm It
i s al so possivb 87/26651 add address and Error Correction RIERIPI6/00048
(hereinafter referred to as "ECC'") to the specific pattern signal SP
within a singl e sector thereof. Referring to Fig.

6, one exanple of the specific 25 pattern signal SP within a single
sector is shown. The address data and Error Correction Code are

added to ends of 1t e toepel hetoat it WAl thgipgﬁhhﬁthg
Referring to Fig. 7, a signal reproduced fromthe data track 33

havi ng pit me#aenobym:@e apparatys Pl wighnkhecapticahodbsk heblid |ine
W represeniggqa §8998! gubstantially the same as these deséribed above

with reference to Fig. 11 except the operation at the block

5 #1 as follows. At block #1, the optical pickup 122 reads
the control data area Dc of the lead-in area first to know
the address of the calibration data track 23. Based on thus
read address data, the optical pickup unit 122 is moves in
to the dummy daté area DA for securing that the optical

10 head can access to the full area of calibration data area
3.

Referring to Fig. 12, the relationship between
the base plate Pr of the tilting unit 60 and the radial
tilt of the optical disk 1 is shown schematically. When

15 the optical disk 1 has no radial tilt as indicated by solid
lines, the base plate Pr is set parallel to the surface of
the optical disk 1 so as to impinge the laser beam Lb,
along the bptical axis, on the disk 1 with a right angle.
However, when the optical disk 1 has a radial tilt fr as

20 indicated by broken lines, the optical disk surface
inclines by the radial tilt angle with respect to the
optical axis Ax. For compensating this inclination angle
0r, a screw motor Ms of the radial tilt adjuster .67 pulls
down the free end of the base plate Pr to incline thereof

25 by the predetermined angle according to the radial tilt

’ angle fr.

Referring to Fig. 13, the operation of radial
tilt calibrating block #5 of Fig. 11 is shown.

At step S100, on receipt of the start command

30 signal Sc from the radial tilt controller 54, the radial
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reproduced fromthe pit pattern 3207 of Fig. SA wherein the pit mark
3202 smaller than the |aser spot Ls sandwi tched by pit spaces 3201

and 3203 each t han the | aser spot Ls. An inmagingg n*%ﬂﬁnw$
represents a §968%%§%h reproduced froma pit mark 3202L gregF%r an'the
| aser spot Ls. The pit nark 3202L is fornmed in a shape of the pit
mark 3202 but is elongated toward the pit space 3201 accordingly.

A horizontal center line Sl is a slice line 10 di viding the anplitude of
t he reproduced signal.. Since the | aser beamreflected fromthe track

(33) changes ddddr @vaguator 5podrives Ehe jFradial tiit radiushen ich ? '?i?lrom
the - Ppit S, Phazs adcbobtelpEs | hie itk NG ol A
reducés the amsgiticn @I‘l‘-ktdhecm ghzlbwe rplate tRxl ofictled rtaﬁhting Iuiﬁm{ ﬁ;ﬁnd
;gglrgljﬁci PSR ;%%%crggggél‘qa éxnf sTreet 'el'}ﬁemgforeaﬁq i han the
signal W5 by syhstiantiiadly a righbuamtg:[err];n ctshap pednds | yereh @afed i 0.
7' A distanceethe base 60 is preferably set at a center position between
top and bottom dead positions thereof. The top and bottom
dead positions are determined in consideration of Fig. 45,
so that the base 60 cén incline within the maximum radial
10 tilting angle range (preferably, +0.5° to -0.5°). Then,
the procedure advances to the next step s102.
At step S102, the radial tilt evaluator 50
detects the jitter amount corresponding to the current
" tilting angle fa based on the jittefiﬁgﬁsignal S$j. Then,
15 the current values indicating the tilting angle fa and the
jittering amount Sj are stored in the address "0" of second
memory storage 52 and first memory storage 51,
respectively. Hereinafter, these tilting angle and
jittering amount with respect to the address of each memory
20 storage are expressed with the suffix of "address number"
after each reference.symbol, such as fa0 and Sj0, for the
sake of recognition. Then, the procédure advances to the
next step S104.
At step S104, the radial tilt evaluator 40 drives
25 the radial tilt adjuster 67 to move downward (or clockwise)
by a predetermined amount At so as to incline the base 60
downward by an angle fa. This amount At is determined
according to the resolution thereof, and is preferably 0.1
degree in consideration of Fig. 45. This is because that

30 the optical disk 1 is apt to hang down its circumference
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20 bet ween these crossing points represents a jittering of

reproduced signal at which the present invention ains. For form ng
t hese pit marks, any marki ng neans di stingui shabl e fromthe matrix
ortion such as undul ated-surfaces (sunk or rased fromth I X
gurface), mad¥@PY2468Yy direction, and 25 crystallization sf%@é“ﬁ%&hs
(crystallized or anorphous) can be used. In stead of
the pattern shown in Fig. 5A, it is possible to formthe specific
pattern signal SP so as to conpare the reproduction anplifier of a
pit mark or a pit 30 space smaller than the | aser spot with a pit mark
or a pit when it is set in the disk motor MMy as previously WO 97/ 266651

PCT/JPQG/OOOégscribed with reference to Fig. 44. Therefore, by turning

down the base 60, it can be expected that the radial tilt
6r will be improved. Hereinafter, the downward direction

5 is expressed with a prefix of "-" before the moving amount,
such as =At, and the upward (or anti~clockwise) direction
with a prefix of "+", such as +At. Then, the procedure
advances to the next step S106.

At step S106, the radial tilt evaluator 50

10 detects the current jitter amount corresponding to the
current radial tilt when the base 60 is rotated clockwise
(Fig. 44) by the resolution angle -At. Then, thus detected
current jittering amount Sjl1 and the tilting fal are stored
in the address "1" of first memory étorage 51 and second

15 memory storage 52, respectively. It is to be noted that
the jittering amount S8j will be detected every time when
the base 60'is moved up or down by the resolution angle At.
Therefore, the interval between moving the base 60 by At is
defined as a radial tilt evaluation cycle hereafter. Then,

20 the procedure advances to the hext step S108.

At step S108, it is judged whether the jittering
amount Sjl1 of the current evaluation cycle is equal to or
smaller than that Sj0 of previous evaluation cycle, or not.
When the radial tilt is improved, the jittering amount Sj

25 becomes smaller, and it is judged "YES."™ Then the
procedure advances to step S110.

At step 5110, the jittering amount Sj0 and
tilting angle fa0 stored in the memory storages 1 and 2,

S respectively, at the previous evaluation cycle are replaced

30 with the current jitter values Sjl and tilting angle fa1,
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space greater than the | aser spot. Such pattern is ~effective for the
optim zation of the signal processing - circuits such as the adjustnent
of the equalizer's coefficient, which will be described later. Note
that the 5 calibration-data area 23 only needs one track that

recorded with YR&? @f@&lflc pattern signal SP for producing 'W‘s
jittering in the signal reproduced therefrom . Referring to
Fig. 5B, a typical exanple of the pit pattern of the specific pattern
signal SP of Fig. 5Ais 10 shown. The first pit pattern 3207 is forned
such that the first mgor pit space 3201, the mnor pit mark 3202,
and t he xaspaativelor. pEhespatheSQ:quﬂumﬁurétunﬂsaﬂoongbpusnnal

T ot her wor a2Ve %, Phel BBerRREbDCOP fseale S, kane, ; saoi BR' S188”°
nei ghbgrl ng piis neegentad him:mnimeuais is juddeld annb* ht [?Qggeﬁtmlgel Y, hasf
best t 3208 t t

tes SO 1" s, oo i, bbb P AL e Sk anonnt b3°

the firsts maj ofs pitie NEak 13284, mbbﬁiﬁynmwlﬁnéméﬁ(ﬁl@qs a188dthBe
second major pif mark 3206 extend in the | ongi tudi nal direction of

the track by tFeEATEHRy HesBeayehed for, jwitlyrespagie&iq ¢y clpskyiger wor ds,

the two naj or @jtection. Mrks 3204 and 3206 are separately arranged wth
t he interval 3T which is the length of the mnor pit space 25
3205. The second pit palewevespothemdt e Judgel BNOT6at step Si08, it

In this exanpl g5 6 WHIIAE LhA%K13811€ becomes worse than the

10 previous cycle by tilting the base 60 downward. Therefore,
the operation to tilt down the base 60 is quitted, and then
the procedure advance to the next step S11i2.

At step S112, the radial tilt evaluator 50 drives
the radial tilt adjuster 67 to move upégfd by the minimum

15 resolution amount +At so as to detect the optimum position
in this direction. Then, the procedure advances to the
next step S114. |

At step S114, the current jittering amount Sji
and the tilting #al are stored in the address "1" of firsﬁ

20 memory storage 51 and second nmemory storage 52,
respectively, in a manner similar to that of step S10s.
Then, the pProcedure advances to the next step S116.

At step S116, it is judged whether the jittering
amount Sjl of the current evaluation cycle is equal to or

25 smaller than that Sj0 of previous evaluation cycle, or not.
When it is judged “"YES", it is meant that the radial tilt
is improved, and the procedure advances to step S118.

At step S118, the jittering amount Sj0 and
tilting angle 6#a0 stored in the memory storages 51 and 52,

30 respectively, are replaced with the current values Sj1 and



exanpl e i's recorded by the'specific pattern signal SP formed by the

repeatedly arranged two pit patterns 3207 and 3208 each having the

| ength 16T. However, it is apparent 30 fromthe descriptions m&;h
reference to Fig. 7 that the - -

WO 97/ 26651 wo Sneest PCT/ JP96/ 000RET/IP96/00048
specific pattern signal SP that only repeating one of two pit
patterns 3207 and 3208 is enough for producing the ~ jittering in the
reproduced signal. Needless to say that t he conbination of the two

pit patterns 3207 and 3208 is 5 effective to enhance the production of
jittering. tilting singQe@doyepespectively, in a manner similar to

that at step S110. Then, the procedure returns to step
§112. Note that the operation of steps s118, 5112, S114,
and S116 is repeated until when it is judged "NO" at step
5 5116, as the same as in step S108. And, the optimum
position for reducing the radial till most is searched for,
with respect to the anti-clockwise direction.
When it is judged "NO™ at step S116, it is meant
that the tilting angle at the previous evaluation cycle is
10 the optimum position.for reducing the radial tilt most as
the result of searching both in the clockwise and anti-
clockwise directions. Then the procedure advances to step
s120. ) o o
At step 8120, the tilting angle #a0 currently
i5 stored in the memory storage 2 is transferred to the radial
tilt controller $4 as the optimum tilting angle signal Sfa.
Then, the procedure terminates.
Referring to Fig. 1C, another example of the
optical disk shoﬁn in Fig. 1A is shown. In this example,
20 the optical disk 1 has further one calibration data
recordlng ax au4 in addition to the calibration data area 3

i e

of Fig. 1K; -Although ‘these two areas 3 and 4 are
separately formed in the inner circumference and the outer
circumference in Fig. 1C, these two ares 3 and 4 can be
25 formed in other places in the disk 1, as described above.
Referring to Fig. 14, the radial tilt adjuring
operation by the optical disk apparatus of Fig. 8 with this
optical disk 1 of Fig. 1C is shown. Principally the

. operations of Fig. 14 is the same as-those of Fig. 11
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Referring to Fig. 8 an optical disk apparatus according to the first
enbodi nent of the present invention I's shown. The optical disk
apparatus. Pl includes an 10 optical pickup unit 122 for inpinging a

| aser beamto an optical disk 1 for recording the inforgglipedchdser et 0
and repWOHR$83Y the information therefrom For this pugggge, e

the optical pickup unit 122 includes a | aser diode 123 for I mpi ngi ng
the | aser beam optical instrunents for focusing 15 the | aser beamon a
recording track of the optical disk 1 and the reflected | aser beam
fromthe optical disk 1 on a desirabl e position, and a pin photo

di ode 124 for expeeitvithe operatibpsreélating tasthe bwerond manhdimonarea

el ectric signal i ndi cative of the condition of thus |aser inpinged 20
recording trad s follows. A transporter 58 is provided for noving
the - optical pickupreiidxalmpdd,n thiee bladksl #diregabonand #os

optical disk 1 so as tq scan_the recorging tracks forned thereon by

i npi ngi ng t he GOFFESPEREMtPHERE B1oGKEs7 2 ¢ n83 p5and £y | ReFPYFANGIYuni t 122

and the gransport 58 congdudifdr,Aat blockOoFiGaknRi ¢HhdlalyEied EBntdbEler
transporter 58 is placed on atilting.unit 60 which can tilt or

incline in th&4 #&tiayes the optimumi biltiing angdecsignal R mbtadned ait 1.
poferring t ge@;o s Bibox 3 b6! bl B9rie! bpbmbkd EP1ting Gifhe Hifhdi 'di g uNit
the memory storage 55.
The blocks #19, #21, #23, and #25 relate to the
10 second radial tilt evaluation operations with respect to
the second data area 4. Thus, the blocks #19, #21, and #23
correspond to the blocks #11, #13, and #15, respectively.
Then, at block #25, the optimum tilting angle signal Séa
obtained at the block #23 is stored as a second optimum
15 tilting angle signal S2 in the third memory storage 55 of
the controllexr 54.

At block #27, the radial tilt controller 54
interpolates the optimum titling angles;between the inner
circumference area (3) and the outer circumference area

20 (4). Then, the controller 54 controls the radial tilt
adjuster 67 to set the optical pickup unit Os (122 and 58)
at each of thus interpolated tilting angle according to the
position of pickup 122 with respect to the radial
direction. .

25 Referring to Fig. 15, the concept of tilting

angle interpolation by the block #27 is schematically
shown. In general, the optimum tilting angle s#§ |
(corresponding to the radial tilt) shows its minimum (S1)
_at the inner circumference (L3), increases gradually

30 outward, and shows its maximum (S2) at the outer



- 18 - WD 97/ 26651 . .

PCT/ JP96/ 00048 supporting the transporter 58 thereon and a

ful crum nenber Fr. one end of base plate Pr is redoubtably connecte
t he ful crum nenber -Fr, as in a manner of cantilever, and :
anot her end tW&%886651s pl aced on one end of a vertical 5 PCTOEINOBat i ng
menber Tr. The other end of the vertical reci procating nmenber Tr is
slidably connected to a radi al tilt adjuster 67. In this exanple,

t he verti cal reci procating nmenber Tr is made by a screw which can be
turned by the radial tilt adjuster 67, and is reciprocated 10 in the

vertical direclireamt8genss eLdy. aBadd¥nDkhis facts, an optimukvery time
when the base plate Pr is tilted by the turn of the reciprocating

menber Tr, th&EEPErpRgle (Sx) atnanyt rResitdensi(¥habetrwpendthedinnem t he
calibration d@gh@ outer circumferences of the disk 1 can be determined by

an arithmetical interpolating method.

5 In Fig. 15, the vertical axis represents the
optimal tilting angle (#) for minimizing the radial tilt,
and the horizontal axis represents the address of optical
pickup (head) with respect to the scanning direction Dr.
Now, the first and optimum angle S1 and S2 are detected

10 with reépect to the first and second calibration data areas
3 and 4, respectively, and are plotted at the address 3 and
4. These two plotted points can be connected by a line
7301 which can be defined as a function of address and the
tilting angle. By determining function-factors of the

15 line, it is possible to simulate the actual radial tilt at
the recording area 2 between the first and second data area
3 and 4. The function factors of this simulétion line 7301
can be theoretically or experimentally détermined.

Furthermore, thus determined function factors of

20 the simulation line 7301 can be recorded in a suitable area
of the optical disk 1. The optical disk apparatus
according to the present invention can promptly and easily
calibrates the radial tilt dynamically even when the
optical disk set therein is replaced with other disk.

25 Furthermore, by calculating the radial tilt of
the optical disk 1 based on the calibration data track area
23 formed in that optical disk 1, the recorded signal is
reproduced from the aimed recording tracks with reduced

crosstalk from the neighboring tracks adjacent to the aimed
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track area 23 by the optical bickup unit.122 is neasured. 15 Accordi ng
to-changes of the tilting angle of the base plate Pr, the angle of
optical axis Ax of the pickup unit 122 with respect to the recording

surface of th | al so changes. As a result, the c from
W siliesdy 2! a resul PEbaiss

the first and hird tracks 32 and 34 neighboring to the's rack
33 20 vary, and then the jittering of the signal reproduced from
these calibration data track 33 also varies. Note that the position
at which the jittering anmount of the reproduced signal shows its
smal | est value is the optimum position for the radial tilt. 25
Referring backxasks Fhegefargy ebhpl Feliabiligy ©f the repyoductdent o the

optical picku 0 a anpl i tude of signal from
tﬁe pi n phot ol%l odéetljf%‘ilE &3%8& §1,n%&”%hces a reproduction signal. This

reproduction signal vari&sikldmtheymovet, heiheagthe optimans €drtdhsyin the

?019 _recordirghéiéﬂﬁé QL Eggrggtigathéhéﬁif% memory 55 of the radial

5 tilt controller 54 as the optimum tilting angle signal Sfa,
it is possible to compare the radial tilt amount of the
optical disk apparatus with respect to the optical disks
set in the past time, before the delivery to the end user
for example, enabling the function check of the optical

10 disk apparatus itself.

The radial tilt calibration according to the
present invention can be performed at an§ time when the
radial tilt calibration is required. For example, the
optical disk may changes its pose or position with respect

15 to the optical pickup or optical head when much vibrations
are applied thereto.

The equalizer 126 can be removed from the optical
disk apparatus of Fig. 8, when the equalizer 126 reduces
the jittering of the reproduced signal too much to detect

20 the jittering amount. In this case the output from the
preamplifier 125 is directly input to the binarization
circuit 127. |

As the jitter amount measurer 41, any other means
which can detect the jittering amount of the reproduced

25 signal Sd can be used. It is also possible that the radial
tilt shows different value at the inner and outer
circumferences of the optical disk when the optical disk is
subject to the dimensional errors over the allowable range.
Such error may be caused by unevenness of reflection layer,

30 deformation thereof, and improper forming process, for
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An equalizer 126 is connected to the preanplifier 125 for receiving
t he reproduction signal and reduces the wave interference of the
reproduction signal. A : bi nari zation circuit 127 is connected to the
equal i zer 126V@S3726681or converting the reproduction signal inPET/API600048
digitalized reproduction signal Sd. It is to be noted that the
digitalized reproduction signal Sd is subject to the crosst al k,

i nsufficient anplitude, noise, wave form interference, and jittering,
as described in the above. 10 A phase | ocked | oop unit (PLL)

129 is conneei@dple. IhOthis éaé@flgtatié)rbz@fésamel% fdbhpreﬁféﬁh\é' gHet N
digitized reproduction signal Sd therefrom and produces a

synchron|zatFGﬁléﬂgﬁéFtSBiBh TREPeRH o tihsh gt ine recordingnemesnpfat i on
signal S510 whel obeida3caiRRILY) aéd":{ué!%iﬂ?% ke tirleé;g{ge%%feoo%' Qgt?cal

A sanpling circuit 1210 1s connhected t narization Circuit 127
and the phas®irkyrefs| §3p2uand 9%p. For ﬁhﬁslnnnnoﬁengaMMDnduggtmpeuhe

;gggggfﬂggﬁeﬁ ?‘lgf ?gynéﬂgblbﬁe tilﬁe OP‘?%e sanpr%]g%a@:}‘rgilﬂz’alffig%ggﬁﬁ?& t he
digitized data areas formed in the inner and outer circumferences,
respectively, is provided, as described above with
reference to Fig. 1C.
Referring'to Fig. 16, a second example of the
10 calibration data track area 23 of Fig. 4 is shown. In this
example, the first and second tracks are both recorded with
the 11T signal S11T. The second track 33 is recorded with
the random signal SR. N _;
g '~ The random signal SR is produéed according to the
is 2-10 modulation, including 3T signal S3T to 11T signal
S11T. This situation can be described as follows with
reference to the pit mark and pit space on the optical disk
l. The random signal SR is combination of a plurality of
pit marks and pit spaces. The pit marks have a
20 predetermined number, nine for example, of different length
each corresponding to that of 3T signal S3T to 11T signal
S11T. The pit spaces have a predetermined, nine for
example, of different lengths each corresponding to that of
signals S3T to signal S11T.
25 The first and third track 32 and 34 are recorded
only with 11T signal S11T which is a consecutive pattern
made by a combination of a pit mark having a length ,
corresponding to the 11T signal S11T and a pit space having
a length- corresponding to the 11T signal S11T. It is also

30 possible to add address and ECC to the 11T signal within a



reproduction signal Sd with respect to the synchronization si gnal

S510 to produce a channel data S511. A decoder 1211 is
connected to the sanpling circuit 1210 for receiving the channel data
S511 therefro and -decodes it by applying the error Corfﬁ?%@&oﬁﬁ
repr oduce anIﬁWé?ﬁ%?ﬂsignal Srp. Thus decoded signal Srp “IrsTturther
transferred to the next stage of operation. . . ~Ajittering
anmount measurer 41 is connected to the binarization circuit 127 and

t he phase | ocked | oop unit 30 129 for receiving the signals Sd and S510
therefrom ] . .-20 - WO

97/ 26651 single sector thereof, provided thery Ie6/e0ongyd amount of

11T signal components are included therein.
. Referring to Fig. 17, one example of the 11T
signal S11T within a single sector is shown. The address
5 data and Error Correction Code are added to ends of the 11T
signal S11T, respectively.
Referring to Fig. 18, a third example of the
calibration data track area 23, similar to that of Fig. 15,
is shown. 1In this example, the second track 33 is recorded

10 with the specific pattern signal SP. The specific pattern
signal SP is constructed as previously described with
reference to Figs. 5A and 5B.

Referring to Fig. 19, an altgrnative of
calibration data track areé'23 of Fig: 3 is shown.

15 Although all tracks 32, 33, and 34 has the same track width
Tl in the data area of Fig. 3, the second track 33 has a
track width T2 narrower than the width T1 of other tracks
32 and 34 in this example.

Referring to Fig. 20, a first example of the

20 calibration data track area 23 of Fig. 19 is shown. The
first and third tracks 32 and 34 are recorded with the .
random signal SR. The second track 33 is recorded with the
specific pattern signal sp.

In this example, since the second track 33 has a

25 narrow track width other than the other tracks 32 and 34,
the crosstalk to the second track 33 from the neighboring
tracks 32 and 34 is greater than the case of Fig. 4.
Therefore, the jittering amount caused by the radial tilt
is also greater, enabling a further accurate detection of

30 radial tilt. In addition to this, since the calibration
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respectively. Based on these two signals Sd and S510, the jittering
anpunt neasurer 41 neasures the jittering anount of the signa
reproduced fromthe calibration data track area 23, and produces a
jittering signal §. 5 : Referring to Fig. 9, the details of the
phase IW@I?@’BJ‘F’oop unit 129 and the jittering amount neRSHIBI03048

are descri bed. The phase | oop |lock unit 129 includes a first phase
conparator 131, a lowpass filter 132, a vol tage controll ed
oscil.lator (VCO 133, a frequency 10 divider 134, a gate circuit 135,
and a D-type flip-flop circuit 138 connected to each other, as best
shown in Fig. data trlckTareai23 edcdipids W hafedwerckpatel, Nb¥desgpacsecond
phase conparator 53, a high-pass filter 51, a detector 54, and an A/D

converter 52 &&MnD&: Bef Tor Feeryding Fesdnferpationy Fig. 9. The first

phase conparator 131 i s x@e8hgdtbOFig. 21} h& &&m&z&s&&m&ic@éﬂﬁe 127 for
receiving the digital | reproduction signal Sd therefrom and s
further conne&@dgbration;@atyctypghk aynga %3t of3Figer 1Pecsimiigratei ghat S141

th fro Th ndspha r at j ct t Q. he, .
erefrog Thesseagndighase cpgharaldl gﬁgi %_’%?‘%33' ¢He! 2328t ?n{bgn%%?

bi nari zation circurt 127 and the D-typ circu
recei vi ng t he t¥agksl 32Sgndn34 SSu® recorded adigdcthecl)T shgnalr SALT, and

I n operation, 1€ ol S r . det ect.,s_a_phas

di fference bett\t]/\%er?felbhgkr gg?%’guﬁin% Igélédyrlr&je%glth §33a58“§°§’i ﬁﬁgf‘aglﬁ%‘ from

the gate circuit 135 to Refedutimgato Fig.f22staptinted destdmsrnaee siignal S139

Loene Ve O diiidRation afkd'SHED e WG 187 CIR EL kO ERRE OF ¥ESY 1hoo°
10 18, is shown. 1In this example, the first and third tracks

32 and 34 are recorded with the 11T signals S11T, and the
second track 33 is recorded with the specific pattern
signal sP. o .

Referring to Fig. 53, other aiternative of

15 calibration data track area 23 of Fig. 3, similar to that
of Fig. 19, is shown. Although the second track 33 has a
track width T2 narrower than the width T1 of other tracks
32 and 34 in Fig. 19, the first and third tracks 32 and 34
has the same width T3 narrower than the width T1 of the

20 second track 33 in this example.

Referring to Fig. 24, a first example of the data
track area 23 of Fig. 17, similar to that of Fig. 20, is
shown. The first and third tracks 32 and 34 are recorded
with the random signal SR, and the second track 33 is

25 recorded with the specific pattern signal sp.

In this example, since the first and third tracks
32 and 34 have the narrower track width T3 other than the
second track 33, the crosstalk to the second track 33 from

- the neighboring tracks 32 and.34 is greater than the case

30 of Fig. 4. Therefore, the jittering amount caused by the
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Sd and S141. The | ow pass filter 132 extracts only the | ow frequency

conponents fromthe difference signal S139 to 30 produce a VCO contr ol
signal having a voltage for PCT/JPQGIOOOA 21 -

WD 97/ 26651 :

control ling t YOWRH33 Based on this VOO control signal, P%T“FWQNV&O
133 produces a clock signal S137. The frequency di vider 134 divides
the clock signal S137 into a predet erm ned frequency. The gate
circuit 135 passes the 5 signal output fromthe frequency divider 134
based on the reproduction signal Sd input thereto.

| n ot her wordsradidly tddldn ishealsspoydateronepahlihg a further accurate
detection of radial tilt. In addition to this, since the
calibration data track area 23 occupies a narrower space,
more space can be used for recording the information.

5 Referring to Fig. 25, a second example of the
data track area 23 of Fig. 17, similar to that of Fig. 21,
is shown. The first and third tracks 32 and 34 are
recorded with the 1iT signal S11T, and the second track 33
is recorded with the random signal SR.

10 Referring to Fig. 26, a third example of the data
track area 23 of Fig. 23, similar to th;t of Fig. 22, is
shown. The first and third tracks 32 and 34 are recorded
with the 11T signal S11T, and the secoﬁd track 33 is
recorded with the épeeific pattern.siénél SP.

15 Referring to Fig. 27, still other alternative of
calibration data track area 23 of Fig. 3, similar to that
of Fig. 3, is shown. ' Although all the tracks 32, 33, and
34 have the same track width T4 narrower than the track
width T1 in the recording area 2 of the optical disk 1.

20 Referring to Fig. 28, a first example of the data
track area 23 of Fig. 27, similar to that of Fig. 20, is
shown. The first and third tracks 32 and 34 are recorded
with the random signal SR, and the second track 33 is
recorded with the specific pattern signal SP.

25 In this éxample, all calibration data tracks 32,
33, and 34 have the track width T4 narrower than that of
recording tracks formed in the recording area 2 of the
optical disk 1. Therefore, the crosstalk to the second
track 33 from the neighboring tracks 32 and 34 is greater

30 than the case of Fig. 4. Therefore, the jittering amount
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Sd is present, the frequency divided signal S141 is transferred fo
t he phase conparator 131 and the D-type 10 flip-flop circuit 138 as the

signal S139. At this tine, the VCO 133 operates such that two input
signals Sd and S141.(S139) have the sane phase. As a result, the
synchr oni zat Mm9%6681al S510 synchroni zed with the basic PCTHEPOM®t t he
digitized reproduction signal Sd is obtained. 15 The second
phase conparator 53 detects the phase di fference between those
signals Sd and S510, and then produces a second phase difference
signal S140 indicative of thus detected phase difference.

The hi gh- pascdidd®byd thexiraadas thet highalddy grddtuenmamampoaents from
t he second phase difference signals S140 and transfers it to the

det ect or 54. further accurate dekgchiPR@Hrragiafeiteldts t fins alﬁ‘@@-ﬁ-lpneﬁeency
conponents ang, ¥ OdiGR %hﬂ ¢33 pradiond "gaty ot Ldk td¥ea 23 oddugg. becor’res

repr oducti on S|gnal Sd woul d be, the greater the 25 si gna
The A/ D convaraxyowsr ¢iRaceal mpret fpace can ke girgd 388 meqerddmge thiee jitter

si gnal ' in (corresponding. to) the current anount of
r adi al t||t C%éfﬁfﬂ&%fgn, Referring back to Fig. 8, a radial

tilt evaluator 50Reﬂetnﬂhqm;dinig: 2% sesecdndespaypleoocfigthél and 52
s 30 comngaled t ol e dd Haeb"B15M0H! JERSHLE e lal JPHg! U,

is shown. The first and third tracks 32 and 34 are

recorded with the 11T signal S11T, and the second track 33

10 is recorded with the random'signal SR.

Referring to Fig. 30, a third example of the data
track area 23 of Fig. 27, similar to that of Fig. 22, is
shown. The first and third tracks 32 and 34 are recorded
with the 11T signal S11T, and the second track 33 is

15 recorded with the specific pattern signal SP.

co odj

Referring to Fig. 31, an optical disk apparatus
according to the second embodiment of the.present invention
is shown. The optical disk apparatus P2 has a construction

20 very similar to that of Fig..a, vherein the radial tilt
evaluator 50, radial tilt controller 54, and radial tilt
adjuster 67 are replaced by a tangential tilt evaluator 70,
a tangential tilt controller 74, and a tangential tilt
adjuster 82, respectively.

25 The tangential tilt evaluator 70 and tangential
tilt controller 74 are constructed in substantially the
same structure as those of the radial tilt evaluator 50 and
radial tilt controller 54, respectively, as best shown in

Fig. 31. fThe tangential tilt adjuster 73 is also
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the jittering signal S to detect the amount. of radial tilt O. The
radial tilt evaluator 50 produces a radial tilt adj uster contro
signal Stl for controlling the radial tilt adj uster 67 Jﬂﬁmpﬂstilt
the tilting urWPIgessel, a4 5 predeternmined tilting pitch. e eval uat or
50 i s connected to the radial tilt adjuster 67 by a line Lrl for
transferring the signal Stl therethrough. Aradial tilt
controller 54 having a third menory storage 55 is connected to the
radial tilt evaluator 50 by 10 lines Lr2 and Lr3. The controller 54 is

further conneatarstructed dnt Beconstamction sihilstertcsthar afl the kadfiaind

adial tilt catird aRonsken: Prot Fid Gl ekeent, ne, it ipm pnfii R0 Ter

54 produces and Referring to Fig. 32, the tilting unit 73 is

shown. The tilting unit 73 has a base plate Pt for

5 supporting the transpbrter 58 thereon and a fulcrum member
Ft. One end of base plate Pt is redoubtably connected the
fulcrum member Fr, as in a manner of cantilever, and
another end is placed on one end of a vertical
reciprocating member Tt. The other end of the vertical

10 reciprocating member Tt is slidably connected toc a radial
tilt adjuster 82. 1In this example, the vertical
reciprocating member Tt is made by a screw which can be
turned by the radial tilt adjuster 82, #nd is reciprocated
in the vertical direction indicated bylén arrow Dz.

15 According to the reciprocation of the screw
member Tt, the base plate Pt including the transporter S8
and the optical pickub 122 pivotally rotates in an arrow
direction Dr with respect to the fulcrum member Ft. In
other words, the radial tilt of the optical pickup system

20 Os can be determined by the tangential tilt adjuster 82.
It is to be noted that the base plates Pr and Pr of radial
and tangential tilting units 60 and 73 can be formed in a
single unit having two fulcrum Fr and Ft.

Acéording to this embodiment, the position where

25 the jittering amount is the smallest corresponds to the
optimum tilting angle at which the tangential tilt is the
smallest. Based on this facts, the tangential tilt can be
compensated by adjusting the titling angle of the optical
pickup unit Os. Sine the opefations by this embodiment—are

30 basically similar to those described with reference to
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15 transfers a start command signal Sc to the radial tilt
eval uator 50 through the line Lr2. On receipt of the signal Sc, the
radial tilt evaluator 50 produces the radial tilt adjuster contr ol

signal Stl. Then, the optical pickup system Gs starts to scan the
cali brati on WR%P&5a and 20 reproduces the signal S in

descri bed above. The radial tilt evaluator 50 detects the current
jitter anount at the current titling angle based on the signals S
and Stl. Thus, detected address and the jitter anpunt are

stored in the nenory storages 51 and 52, respectively, and 25 are
renewed evemdgs’.rm.lv.\han t andt Lkt whthupesp&Ot cbangre opical daidksd ta rge angl e

by the current Si d on fhus_renewed
dgta t he rgp' ot B' ang §Pu§?8rf%ﬁtﬁﬁfe?ﬁ?ﬁﬁépE&PQuﬁﬁrﬁﬂﬁ? teding
angl e at whifdx the samQEcEa%rébitth [err]r is the smallest, and produces

an opti num 30 tilting angle signal S[err]la. This signal S[err]ais
transferred Referring to Fig. 33, the relationship between

5 - the base plate Pt of the tilting unit 73 and the tangential
tilt of the optical disk 1 is shown schematically. When
the optical disk 1 has no tangential tilt, the base plate
Pt is set parallel to the surface of the optical disk 1 so
as to impinge the laser beam Lb, along the optical axis, on

10 the disk 1 with a right angle. However, when the optical
disk 1 has a tangential tilt 0t as inclined in any of the
arrow directions, the optical disk surface inclines by the
tangential tilt angle with respect to theioptical axis Ax.
For compensating this inclination anéié ft, a screw motor

15 Mt bf the tangential tilt adjuster 73 actuates the free end
of the base plate Pt in the corresponding direction by the

predetermined angle according to the tangential tilt angle
ft.

Third embo

20 Referring to Fig. 34, an optical disk apparatus
according to the third embodiment of the present invention
is shown. The optical disk apparatus P3 has a construction
very similar to that of Fig. 8, wherein the radial tilt
evaluator 50, radial tilt controller 54, and radial tilt

25 adjuster 67 including titling unit 60 are replaced by a
focus position evaluator 90, a focus controller 94, a focus
servo circuit 100, and a focus position adjuster 110
connected to the focus servo circuit 100 by a line Lr7,
respectively. Note that tilt adjuster 67 including tilting

30 unit 60 and the tangential adjuster 82 including tilting
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to the radial -tilt controller 54 through the line Lr3, and Is stored
in the nenory storage 55. ' The radial tilt controller 54

produces a ra tilt conpensation signal St2 based Onrﬁlﬁﬁdﬂ@ﬁ'
Slerr]a 5 |n§|ca rve of the difference between the current tilting

angle and the determ ned optinumangle. This radial tilt conpensati on
signal St2 will be transferred to the radial tilt adjuster 67 through
the line Lr4, so that the radial tilt adjuster 67 drives the tilting
unit 60 to set the 10 opti cal EICkUp system Gs at the optinum radi al

tilt podnit 73 can be used ogether cnttlvis amipdimenthebuly aieces a

transporter ttld O +Rk083ke SH¥ g ving the transporter 58 to nove
t he opti cal pfgttp system Gs to gcan t ﬁ*lcal di sk for 15 recordi ng

or reproducing the signdafhe fDﬂ;Snnmsgﬁanmeevaauator Spraddcﬁec?s aggreth
signal 5n2 ingi h u £9s stem W
9 6H§f6fxéggfﬁ Gxk EBE%?ruct é&qéﬁﬁﬁgeéi} & 53! | er 54

respect to the optica eeds | (

t hrough She | iskxructures @8 tBOse of the radial ttiXtefedradn@adro 56 @ndll, the

radial tilt radial tilt controller 54, respectively, as best shown in

Fig. 34. The focus position evaluator 90 produces a focus

servo circuit control signal Sfs instead of the radial tilt

adjuster control signal Stl (by the radial tilt evaluator

10 50) for controlling the focus servo circuit 100.

According to this embodiment, the position where
the jittering amdunt is the smallest corresponds to the
optimum focus position at which the focus error signal
should be the smallest. Based on lhisxficts, the focus

15 servo circuit 100 produces a focus compensation signal Sf
indicative of that the current position is the optimum
position whereat the focus error signal should be zero or
the smallest. This focus compensation signal Sf is
transferred to the focus position adjuster 110 through the

20 line Lr7, so that the focus position adjuster 97 adjusts
the optical pickup to compensate the focus error signal
detected at the current position is zéro or the smallest.
Thus, the focus error depending on the electrical
propensity of the circuit can be compensated.

25 Since the focus position can be compensated by
.adjusting the titling angle of the optical pickup unit oOs,
as described in the above, the operations by this
embodiment are also basically similar to those described

with reference to Figs. 11, 13, and 14.
30 Fourth embodiment
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adj usting operation by the optical disk apparatus Pl of Fig. 8 with

the optical disk 1 of Fig. 1A is described bel | ow. Each of blocks in
the flow chart shows the routine bl-ock. 25 At bl ock #1,

when the operation starts, the controller 54 controls the transporter
58 to nove aWO926651optical head of the optical pickup unit WM t he
| ead-in area of the disk 1. The optical pickup 122 reads the lead-in
area first to know the address of the 30 calibration data track area 23.
Based on this address - 24 -

WD 97/ 26651 PCT/ JP96/ 00048

Referring to Fig. 35, an optical disk apparatus
according to the fourth embodiment of the present invention
is shown. The optical disk apparatus P4 has a construction
very similar to that of Fig. 34, wherein the focus position

5 evaluator 90, focus controller 94, focus servo circuit 100,
and focus position adjuster 110 are replaced by a tracking
position evaluator 120, a tracking controller 124, a
tracking servo circuit 120, and a tracking position
adjuster 140, respectively. '

10 The tracking position evaluator 120, tracking
controller 124, tracking servo ci:cuit 130, and the
tracking position adjuster 140 afé'constructed in the
structures very similar to those of the focus position
evaluator 90, focus bontroller.94, focué servo circuit 100,

15 and focus position adjuster 110, respectively. The
tracking position evaluator 120 produces a tracking servo
circuit control signal Sts instead of the radial tilt

" adjuster control signal Stl for controlling the tracking
servo circuit 130.

20 ‘According to this embodiment, the position where
the jittering amount is the smallest corresponds to the
optimum tracking position at which the tracking error
signal should be zero or the smallest. Based on this
facts, the tracking servo circuit 130 produces a tracking

25 compensation signal Str indicative of that the current
position is the optimum position for tracking. This
tracking compensation signal Sts is transferred to the
tracking position adjuster 140 through the line Lr7, so

e that the tracking position adjuster 140 adjusts the optical

30 pickup Os (122 and 58) to compensate the tracking error
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data, the radial tilt controller 54 further controls the " transporter

58-to nove the optical head (optical pickup- unit 122) to the
position below the calibration data track . area 23 of the disk 1. The
opti cal pickup, ' 2 5- reproduces the calibration data & H}&ﬂﬁwgata
track area vﬁ&%ﬁy&%n this exanple, the calibration data tr %E are 31is
provided in an inner circunference, but is not limted to t hereto.
Any suitable position in the disk 1 can be used for the calibration
data track area 23. Then, the 10 procedure advances to the next bl ock
#3. At block #3, the radial tilt controller 54

produces and t sdgpkdr dethetedaat TremmmreritgpeisiSionoisheero or thelial tilt
eval uator 50 t ri..t he [ [ ugting.operatign. Then, the
procedure adva%@%éifgtfheTégg'aé%%k¢£?ﬁ§%: §§¥%L'3ebeﬂd18g &n' 8¢ \'ock #5,
the radial til electirietlnpropenaityof the dipculie cadi b tbhperysteds or 50
Is perforned to obtain the _ Opti radial filt [err]r. The operation
of this block will r%é"‘ifettﬁﬁel SEng‘g]Ech? ‘al?’btfé{“\bf [Fgensated by
Fig. 13. B0 afieistihtcCthe! BELDIiAG e AFY %@e%ptﬁchﬁle?ﬂéﬁﬁp bhRek &,
At block #7, the radial tilt controller 54 stores he optinumtilting
angl e signal SP& Gescsibefnén bhe(oYe odfhe operagdops byethé®rd nmenory

storage 3. The%mﬂaﬁidhﬁ@iﬁkegﬁiéo basic£PIY 's3li %r5éofﬂg%ggr?géayf§e&he

radial tilt adjuster 67 to 2 set the base plate Pr tilting unit 60
at the optimumwith refexpncentacBi@sli k4 A handpdrumtilting angl e signal
Slerr]. EBE&&EE%&Bd:hQﬁtOptical head of optical pickup unit 122

10 Referring to Fig. 36, other alternative of

calibration data track area 23 of Fig. 3 is shown. Note
that the first, second, and third calibration data tracks
32, 33, and 34 in Fig. 3 correspond to_fhe tracks 3702,
3701, and 3703 in Fig. 30, fespectivéiy; Furthermore, a

15 track pitch Tp, instead of the track width T1 in Fig. 3, is
defined as a distance between centers of neighboring two
tracks. The center of each track is indicated by an
alternate long and short dash line. Also in this
embodiment, the first, second, and third tracks 3702, 3701,

20 and 3703 are arranged in order from the inside toward the
outside of the optical disk 1. _

In this example, the second track 3701 is not
recorded any pit mark. The first track 3702 is recorded
with a first periodical signal represented by a third pit

25 pattern 3704. The third pit pattern 3704 is recorded to
the track 3702 by repeatedly forming a pair of pit mark and
pit space therein at a 227w period, wherein "Tw" is a
window width. The third track 3703 is recorded with a
second periodical signal represented by a fourth pit

30 pattern 3705. The fourth pit pattern 3705 is recorded to
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noves on the base plate Pr of the tilting unit 60 with the opti mum
radial tilt O in the radial direction Dr for 30 recordi ng and

repr oduci ng operati on. ' - 25 -
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It is to be nWOS26e65ht the radial tilt adjusting oper atACEFIPL00045c
apparatus P1 with the optical disk 1 of Fig. 1B is substantially the
sane as these described above with reference to Fig. 11 except the
operation at the block 5 #1 as follows. At block #1, the optical pickup
122 reads the control data area Do of the lead-in area first to know

the address othéheraek idvod ibyn répeateddokséPmiRgs&dp@ir &FSpit mark and

10

15

20

25

pit space therein at a 20Tw period. _

In other words, the first calibration data track
3702 is recorded with a pit pattern having a pair of pit
mark and pit space repeated at a period of ti=1/22Tw. The
third calibration data track 3703 is recorded with a pit
pattern having a pair of pit mark and pit space repeated at
a period of t2=1/20Tw. Note that t2mt1, t2#n-.t1, and
t2#t1l/m, wherein "n" and "m" are positive integers.

For forming these pit marks, any marking means
distinguishable from the matrix portion such as undulated
surfaces (sunk or rased from the matrix surface),
magnetizing direction, and crystallization state
({crystallized or amorphous)'éan be used. It is also
possible to repeatedly add the track address information to
these signals, and hereinafter this embodiment is described
with reference to the case with such repeatedly added track
address information. Note that according to this
embodiment, the optical disks having a single and two of
calibration data track areas 23, as best shown in Figs. 1A
1B, and 1cC, respect;vely, are used.

Referring to Fig. 37, an opt1ca1 disk apparatus
according to the fifth embodiment of the present invention
is shown. The optical disk apparatus P5 includes an
optical pickup unit 3801 for impinging a laser beam to an
optical disk 3800 for recording the information theretoc and
reproducing the information therefrom. A radial tilt
adjusting unit 3809, corresponding to the radial tilt
adjuster 67 and the tilting unit-60-of Fig. 8, is provided
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read address data, the optical pickup unit 122 is noves in to the
dummy data area Dd for securing that the optical 10 head can access to
the full area of calibration data area 3. Ref erri ng
to Fig. 12, the relationship between the base plate Pr of the tilting
unit 60 and t hWOSTApEEH tilt of the optical disk 1 is shdff/ro6/00048
schematically. When 15 the optical disk 1 has no radial tilt as

i ndi cated by solid | ines, the base plate Pr is set parallel to the
surface of the optical disk 1 so as to inpinge the |aser beam Lb,
along the optical axis, on the disk 1 with a right angle. However ,
when the opti cibrdadjudtimg the adilting [doditiohr osthe optissdlcpicxupy
broken |ines, the,o %&fal di sk surface inclines by the radial tilt
angle with resB%ﬁF ? optical axis Ax. For conpensating this

i nclination angl e he&-ah&alatsmtewbﬁ’efal% P11 Nis 'aflindetldd o the
adj uster 67 pul own the free end of the base plate Pr to incline

t her eof 25 B?diﬁé H%*ae?‘b}‘%ﬁfﬁéw adite WO Agrngrapstrering the tradial

angle [erg]r. tilt adjuster cont3SE'digHhil Gt $neldtolhe operation of
r adi al tilt callbratlngﬁblock #5 of Fig. 11 is shown.

At step S100, on recei pt PoFagpalstitt eakibrateo 3808 im gordectedrtohghe
radial tilt cophihhetibd cdi¥rdPlh@!3811 for receiving the start command”

20 signal Sc therefrom, and is further connected to the radial
tilt adjusting unit 3809 for transferring the radial tilt
10 compensation signal St2 thereto.

A preamplifier 3802 is connected to the optical
pickup unit 3801 for increasing the amplitude of the signal
reproduced from the optical disk 3800, and produces a
reproduction signal. This reproductlon signal varies

15 according to the lengths of pits formed in the recording
track of the optical disk 3800.

A first band filter 3803 having a frequency of fi
is connected to the preamplifier 3802 for receiving the
reproduction signal therefrom. When the first band filter

20 3803 is set to have a let-through frequency of fl=1/22Tw,
the crosstalk component from the first track 3702 is passed
through together with the main componenﬁ of the signal
reproduced from the second track 3701.

A first detector 3805 is connected to the band

25 filter 3803 for receiving the reproduced signal passed
through the first band filter 3803 to convert it into a
first voltage.

A amplifier 3812 is connected to the first

S detector 3805 for receiving and amplifying the first

30 voltage. The amplifier 3812 can be replaced by an
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tilt evaluator 50 drives~the radial tilt adjuster 67 to set to the
initial position. The initial position is such a position at which
the base plate Pr of the tilting unit 60 crosses the rotating axis of
the di sk not woddbeesath 5 substantially a right angle. BT rds,
the free of the base 60 is preferably set at a center position

bet ween top and bottom dead positions thereof. The top and bottom
dead positions are determ ned in consideration of Fig. 45, so that

t he base 60 can incline within the maxi rumradial 10 tilting angle range
(preferabl v, atQenbl. t Oundn S{€71d Jexpellted that thEhELEEQEEHEéeoPdvanCGS
to the next step S step S102 e radial tilt

eval uat or 50mark 1enatbcas the thlxiwanﬂnﬁﬂwrtbopﬂ@s99ﬁ§=ngst67Bheaw®rrent
Ly L0 n0, 7k kg Pasgle R §1EcbbiASy 00 BA1EkaS pelifln Lhese LS
of reproduction signals reproduced from the tracks 3702 and
5 3703, respectively, the amplifier (attenuator) 3812 is used
to compensate such amplitude difference.

A second band filter 3804 having a frequency of
£2 is connected to the preamplifier 3802 for receiving the
reproduction signal therefrom. When the second band filter

10 3804 is set to have a let-through frequency of £2=1/20Tw,
the crosstalk component from the second track 3703 is
passed through together with the main component of the
signal reproduced from the second track 3701

A second detector 3806 is connected to the second

15 band filter 3804 for receiving the reproduced signal passed
through the second band filter 3804 to convert it into a
second voltage.

A comparator 3807 having two input terminals
connected to the amplifier 3812 and the second detector

20 3806 for receiving thus amplified first voltage and the
second voltage, respectively, therefrom. - The comparator
3807 detects a difference between these two voltages and
produce a difference signal Sy. Note that this difference
signal Sy represents the difference between two crosstalk

25 components from the first and third tracks 3702 and 3703.

Therefore, when the difference signal Sy has a
positive value, the crosstalk from the firs{ track 3702 is
greater than that from the third track 3703. In this case,
it is meant that the radial tilt is biased to a direction

30 in which a portion optical pickup unit 3801 located on the
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jittering anount §f are stored in the address "0" of . second menory
storage 52 and first nenory storage 51, respectively. Hereinafter,
these tilting angle and jittering anobunt with respect to t he address

of each nenory 20 storage are expressed with the suffix of ﬁ%ﬁﬁﬁﬁs
nunber " VEPPUISSHach reference synbol, such as [err]aO and g or the

sake of recognition. Then, the procedure advances to the next step
S104. At step S104, the radial tilt evaluator 40 drives 25
the radial tilt adjuster 67 to nove downward (or clockw se) by a
predeterm ned anmount At so as to incline the base 60 downward by an
angle [err]a. Ihheracﬁmmﬁmf&rénneﬁﬁiﬂaﬁuﬂeées to thecdidkngsoo.the

resol ution the eof n conﬁlder tion of

f bl
oo s O i shBgesnfbfer. HifE HFEKRn' i5, resetiiirte' As° R tnegiflye  doin

its circunferegddting dlrection." - 27 -
On the other hand, when the difference signal Sy
5 has a negative value, the crosstalk from the first track
3702 is smaller than that from the third track 3703. In
this case, it is meant that.the radial tilt is biased to a
direction in which a portion of the optical pickup unit
3801 on the outer circumference side closes to the disk
10 3800. Hereinafter, this direction is referred to as a
"positive tilting direction." .
Furthermore, when the difference signal Sy has
zero value, it is meént that the c:osstélk to the second
track 3701 from the both neighboring tracks 3702 and 3703
15 are the same. It is to be noted that this position is an
optimum position at which the radial tilt shows the
smallest.
For all the practicai purpose, when the
difference signal Sy is within'an allowable range, it is
20 judged as the current position is the optimum radial tilt
position. . . ;
However, the gain of crosstalk component is
defined by the frequency of the pit patfern formed in the
track. Therefofe, the crosstalk components from the tracks
25 3702 and 3703 have different gains, causing the comparison
by the comparator 3807 improper. For compensating such
gain difference between these two crosstalk components, the
amplifier 3812 is provided before the comparator 3807, as

described in the above. The amplification- factor of the
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when it is set in the disk notor My, as previously described with
reference to Fig. 44. Therefore, by turning down the base 60, it can
be expected that the radial tilt [err]r will be inproved.

Her ei naf t er , worsgnregsenwar d direction 5 i s expressed with PGI/IPPO00EE " -"
before the novi ng anount, ‘'such as -[err]t, and the upward (or
anti-clockw se) direction with a prefix of "+", such as +[err]t.
Then, the procedure . advances to the next step S106.

At step S106, the radial tilt evaluator 50 10 detects the current jitter
anount corre digi@rt §ghhe be GEEEERinEAM i d 60 is
saandenex! Sughecan ye GULERindd holed L) UIET 1 paee

rotated cl ockw se . resolution a en,
t hus det ect efxrequencd@srent jittering anount Sj1 and the tilting [err]al

a0 SUOTES | or o RO EERT K i TEIPENR 0675 RAcRRY 500

nmenory storage 52, respective en t he
jittering andihe cempairatore 3@07ctfbrdreceiying mhehdifferencd R gnales§o is

noved up or wn t he resol.ution, angle.[er . Ther ef ore, the
i nt erva? bet & et ‘%\ﬂ"hé"t REOFNEE EB=p a&i‘i‘fs{“t coppgnsation signadi al tilt
eval uati on cystiz baethidnethell88gnadOsy. the procedure advances to the next

step S108. At step S108, it is judged whether the
jittering anount &p 1334TesR 138301 iFa commestedetpsthgual to or

preamplifier 3802 for receiving the reproduction signal
therefrom to produce an address signal indicative of the
10 address at which the :adial'tilt is currently evaluated,
and is further connected to the radial tilt controller 3811
for transferring the address signal thereto.
Referring to Fig. 38, the operation for
calibrating the radial tilt.gerférmed ﬁ;wthe optical daisk
15 apparatus of Fig. 37 is shown. Hereinafter, the operation

]
B TN

of the optical disk apparatus with the optical disk 3800
having two calibration data areas, as best shown in Fig.
ic, is described.- The operatiqn with the optical disk
having a single calibration data area is simple, and very

20 similar to those of Fig. 11 is omitted for the sake of
brevity. .

First of all when the optical disk 3800 of Fig.
37 is set in the optical disk apparatus of Fig. 31, the
radial tilt calibration routine starts as follows.

25 At step S200, the optical pickup 3801 reads the
second calibration data track 3701 of the first calibration
data track area 23 formed in the inner circumference of the
disk 3800 to reproduce a signal therefrom. Then, the

-—-—procedure advances to step S202.
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smal ler than that S 0 of previous evaluation cycle, or not. Wen the radial

tilt is inproved, the jittering amunt § 25 becones smaller, and it is
judged "YES." Then the proceguge agvances Eolftep Sll?

At step S110 L.Litering anmunt an ilting ang

storedpin t he ﬁ@ﬁﬂb?%gtorages 1 and 5 respectively, Fh@ﬁ%%ﬁé#ous
eval uation cycle are replaced 30 Mﬁth the current jitter values S| and
tilting angle [err]al, - 28 -

WD 97/ 26651 PCT/ JP96/ 00048
respectively. Then, the procedure returns to step S104. Note that the

operation of steps SilO 8¥05teB18302 arkk S0gudged whether the difference
signal Sy is within a range from -g to &, or not. "g" is a
predetermined value definiﬂg an allowable range for the
optimum radial tilt position, and is preferably 2 Db. When

5 it is judged "NO", meaning that the current radial tilt is
over the allowable range, the procedure advances to step
5204.

At step S204, it is judged whether the difference
signal sy has a positive value or not. When it is judged

10 “"YES", meaning that the radial tilt is currently biased to
the negative direction, then the procedure advances to step
S206.

At step 5206, the optical pxckup unit 3801 is
tilt by a predetermined amount At, and then the procedure

15 - returns to step §202.

| | However, when it is judged "NO" at step 5204,

| meanlng that the radial tilt is currently biased to the

‘positive direction, then the procedure advances to step
5208.

20 At step 85208, the optical pickup unit 3801 is
tilt by a predetermined amount -At, and then the procedure
returns to step. S202. This loop of.steps S202, S204, S206,
and S208 is repeated until when it is judged that the
current radial tilt is within the.allowable range at step

25 5202.

When it is judged "YES" at step $202, the
procedure advances to step S210.
At step 5210, the current tilting angle and

address are stored as a first tilting angle signal S61 and
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is repeated until when it is judged "NO' at step Sl 08. Thus, the

opti mum position at- which the jittering anount SJ 5 Is the small est,
meaning that the radial tilt .is also the m nimum is searched for
with respect to the cl ockw se direction. However ,
when it is j \WQOH26650" at step S108, it . is neant that PEEIPWREOMMBE tilt
becones worse than the 10 previous cycle by tilting the base 60
downward. Therefore, the operation to tilt down the base 60 is
quitted, and then t he procedure advance to the next step S112.

At step S112, the radial tilt evaluator 50 drives the radial tilt
adj uster 67 tQ PR¥EtUSIMFehd \eilgha1NERE TUMHEER, tﬁésﬁf&éﬂ}é’%&ﬁﬁ 459”“
so as to detect the o tlnun1p05|t|on in this direction

procedure advEAc&kep next step S114. At step

S114, the current jltte gﬁﬁg@g SJ d L are
stored in the address "1" F I rst éhe ?Rﬁ%ﬁgl gioras 5?? rgggg gha

menory st or agg@esenad calibrraénm!ctdlatel y;rach a7namérthensécwndo that of step

S106. T ur, % S ext ep 16.
At step B116, QE?iP%QJE‘% gg% % %i ggj F%tg‘%lpﬁﬁg d éh%n%‘f%ﬁ Sjl of the
current eval uan.roumtqném:e saﬁeq:lnl duskosalﬁ to 3ep:_t-baucé hansidredl S O of

previ ous eval yatio j udged " YES"
meant t hat thggFﬁﬁEE tll hen, Q%ei?rPﬁﬁpﬁyﬁdadgﬁﬂc?ﬁe %r%ﬁﬁkﬂﬁ%ﬁ%ﬂvances to
step S118. At step S214, it is judged whether the difference

signal Sy is within a range from -¢ to g, or not. When it
10 is judged "NO", the procedﬁre advances to step S216.

At step 5216, it is judged whether the difference
signal Sy has a positive value or not. épen it is judged
YYESY", the procedure advances to step sgis, vhereat the
opfical pickup unit 3801 is'tilt by a pf;determined'amount

15 At, and then the procedure returns to step S214.

However, when it is judged "NO" at step S216,
then the procedure advances to step S220, whereat the
optical pickup unit 3801 is tilt by a predetermined amount
-At, and then the procedure returns to step S214. |

20 When it is judged "YES" at step S214, the
procedure advances to step 5222, whereat the current
tilting angle and address are stored as a second tilting
angle signal 802 and a second address signal Sa2. Then,
the procedure terminates.

25 Sixth embodiment

Referring to Fig. 3%, a further example of the
optical disk, similar to that of Fig. 1C is shown.
Similarly, the optical disk 1501 a data recording area
1502, a first calibration data area C3 formed i a lead-in

30 area thereof, and a second calibration data area C4. Note
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At step S118, the jittering anmount S O and tilting angle [err]aO

st.oored in the nenory storages 51 and 52, 30 respectively, are repl aced
with the current values SjI and I o cal - 29 -
WO 97/ 26651 PCt/JP96/ 00048 tilting angle , respec

manner sinila™QY26651 (hat at step S110. %hen t he procedure£¢éﬁﬁ$ﬁghp
step S112. Note that the operation of steps S118, S112, S114,

S116 is repeated until when it is judged "NO' at step 5 S116, as the
same as in step S108. And, the optinum position for reducing the
radial till nost is searched for

that these area 1502, €3, and C4 correspond those 2, 3, and
4 of Fig. 1C, respectively. Although the optical disk 1501
having two calibration data areas C3 and C4 is described
with reference to Fig. 39, the present invention can be

5 applied to such an optical disk having only one calibration
data area formed therein. '

Each of first and second calibration data areas
€3 and C4 is divided into plural sectors. For example, the
first calibration data area C3 is divided into four sectors

10 1507, 1508, 1509, and 1510 at a suitable division rate. 1In
other words, the calibration data area C3 can be equally or
i unequally divided into two or mofe sectors. For the sake
of better recognition, here those dividéd sectors 1507,
1508, 1509, and 1510 are defined as flrst second, third,
15 and fourth inner calihratlon sectors, respectlvely.

Each inner calibration sector is further divided
into two portions, the first portion is a data area for
recording a calibration data, and the sécond portion is an
address area for recording an address information such as

20 sector address and track address thereof. . Specifically,
the inner calibration sectors 1507 includes a first inner
address area 1507a and a first inner data area 1507b. The
other inner calibration sectors 1508, 1509, and 1510
include a second inner address area 1508a and a second

25 inner data area 1508b, a third inner address area 1509a and
a third inner data area isosb, and a fourth inner address
area 1510a and a fourth inner data area 1510b,
respectively.

Similarly, the second calibration data area C4

30 also includes first, second, third, and fourth outer
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with respect to the anti-clockw se direction. When it is

judged "NO' at step S116, it is nmeant that the tilting angle at the
previ ous eval uation cycle is 10 t he opti mum position for reducing the
radial tilt nost as ‘the result of searching both in the clockw se and
anti - WeaRM6St directions. Then the procedure advanceBCT/dPaspoens

S120. At step S120, the tilting angle [err]a0 currently 15
stored in the menory storage 2 is transferred to the radial tilt
controller 54 as the optinmumtilting angle signal S[err]a. Then, the
procedure term nates. Referring to Fig. 1C, anot her exanple
of the oHibratidns ketBoyd 150F) 015d4) i150H0Whd 150Nl S exanmple, 20
the optical disk_ 1 has further one calibrati.on dat a recordi ng area 4

in addition FRGHRer@eresr hpss 4BRer Fabibration sgctring 15A83,ARBREugh t hese
two areas 3 anfhs} AnE 1506 méﬁﬁaéatslhéﬁ 'ﬁ&ézﬂ é&&éé@%&é‘% °and "

and t he outer circunference in ese two ares
25 f or med & f igistecupezcdatanarae 15|$%3kb'1 a Eeahyst auked aﬂdw:ess area

Referripgg 10 gddha bha BNGe Eﬁﬁﬂhaéu{:é% ?ﬁ&%f&g 1504k, Lag [ng_tf' O”Egé the

optical disk apparatus o F Fig. 1C
i s shown. Priadsinsss ylrelae1505a angecaathimd ddtd-iareal 45050, han@age as--those

of Fig. 11 eourth outer address area 1506a and a fourth outer data

area 1506b. .
It seems that the each of divided sectors of the
10 first calibration data area C3 is in alignment with
corresponding divided sectors of the second calibration
data areas C4 with respect to the radialfdirection.
However, each of callbratlon data areas c3 and C4 can be
' divided into different number of portlons and at any
15 suitable division rate, as described in the above.
Therefore, those sectors are not required to be arranged in
a predetermined position relative to the others.
With reference to Figs. 402 and 40B, the
calibration signals recorded to each of the inner data
20 areas 1507b, 1508k, 1509b, and 1510b and the outer data
areas 1503b, 1504b, 1505b, and 1506b are described. Two
different calibration signals are recorded to alternate
sectors. |
In Fig. 40A, one example of the first and third
25 inner data sectors 1507b and 1509b (1503b and 1505b), for
example, is shown. Tracks 5102, 5101, and 5103 correspond
the first, second, and third data tracks 32, 33, and 34 of
Fig. 4. The first track 5102 is recorded with the first
periodigal signal having a pit pattern 5104 corresponding

30 to the third pit pattern 3704 of Fig. 36. The second and
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- 30 - . MD 97/26651

PCT/ JP96/ 00048 expect the operatlons relating to the second
recordi ng area 4 as foll ows. ol ock Fg; exagple t he bl ocks
#1 1, #13, and #15 correspond to the ocks #1, an

respectively. WO 97/26651 ﬂowever at bl ock #17, the radi §T§"t‘%”1‘{°"°‘“
controller 54 stores the optinun1ti|ting angle si gnal SCa obtai ned at
the block #5 as a first optimumtilting angle signal Si in t he nenory
st orage 55. The bl ocks #19, #21, 123, and #25 relate to .
the 10 second radial tilt evaluation operatlons W th respect to

third tracks 5101 and 5103 are not recorded, as best shown
in Fig. 40A.

In Fig. 40B, one example of the second and fourth
inner data sectors 1508b and 1510b (1504b and 1506b) , for

5 example, is shown. Tracks 5106, 5105, and 5107 correspond
the first, second, and third data tracks 32, 33, and 34 of
Fig. 4. The first and second data tracks 5106 and 5105 are
not recorded. However, the thirad track 5107 is recorded
with the first periodical signal having a pit pattern 5108
10 corresponding to the third pit pattern 3704 of Fig. 36.

Referring to Fig. 41, an optical disk apparatus
according to the sixth embodiment of the present invention
is shown. The optical disk apparatus P6 includes an
optical pickup unit 5201 for impi;gihg a laser beam to an

15 optical disk 1501 for recbrdinq the information thereto and
reproducing the information therefrom. A radial tilt
adjusting unit 5211, corresponding to the radial tilt
adjuster 67 and the tilting unit 60 of Fig. 8, is provided
for adjusting the tilting position of the optical pickup

20 unit 5201.

A radial tilt controller 5212 is connected to the
radial tilt adjusting unit 5211 for transferring the radial
tilt adjuster control signal st1 therefo.

A radial tilt evaluator 5210 is connected to the

25 radial tilt controller 5212 for receiving the start command
signal Sc therefrom, and is further connected to the radial
tilt adjusting unit 52i1 for transferring the radial tilt
compensation signal St2 thereto.

A preamplifier 5202 is connected to the optical

30 Pickup unit 5201 for increasing the amplitude of the signal
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t he second data area 4. Thus, the blocks #19, #21, and #23 correspond
to the bl ocks #11, #13, and #15, respectively. Then, at bl ock 125,
the optimumtilting angle signal S[err]a obtained at the block #23 is
stored as a second optinmum 15 tilting angle signal S2 in the third
menory st or agWod3/26651 ~ the controller 54. PCTAPIG/06
#27, the radial tilt controller 54 I nterpolates the optinumtitling
angl es between the inner circunference area (3) and the outer _

ci rcunference area 20 (4). Then, the controller 54 controls the radial
tilt adjuster 67 to set the optical pickup unit Os (122 and 58)

at each of thysprvcucea Zrefl thetbpoiscay! &@isK 3586, tohd fg:oauces gpsi tion
of pickup 122 with respect to the radial direction. 25 :

Referring to KEPropyctins sigpapt o'rhiﬂwwgoductiorar@i@ahtmsati?_nl ?y

t he bl ock #27 jceordi bC y S s &ﬁﬂ? lLnm tilting
angle S[err] dee (?(?‘r51 nggg%dilﬁggF%stﬁgV\g%%a% ti (g?insh%ﬂv]%e rloﬁoésor:?"rﬂgrmm
(S1) at Back @feithei pptikeal cAtek (1891. i ncreases gradual ly 30

?uggafd,sand shows its W@%&Jﬂ&“éf%@bf“ﬁz%ﬁen%%&%& a frequency of f£1 is
connected to the preamplifier 5202 for receiving the
reproduction signal therefrom. When the band filter 5202
is set to have a let-through frequency of £f1=1/22Tw, the
crosstalk component from the first track 5102 (Fig. 40A) of
10 the first and third data sectors 1507b and 1509b or the
third track 5107 (Fig. 40B) of the second and fourth data
sectors 1508b and 1510b is passed througﬁ together with the
main'component of the signgl reproduced from the second.
track 5101(Fig. 40A) or 5105 (Fig. 40B).

15 A detector 5205 is connected to the band filter
5204 for converting the reproduced signal passed
therethrough the band filter 5803 a voltage.

An address reader 5203 is connécted to the
preamplifier 5202 for reading the address information from

20 the amplified reproduced signal to produce a switching.
signal sw. .

The radial tilt controller 5212 is further
connected to the address reader 5203 for receiving the
switching signal sw.

25 A select switch 5206 having one input port and
two output port is provided, and is operated by an control
signal to selectively connect either one of two output
ports to the.input port. This input port is connected to
the detector 5205-for receiving the converted voltage

30 therefrom. One of two output port is connected to a first
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ci.rcunference (L4). Based on this facts, an optinmm tilting angle
(Sx) at any position (x) between the inner and outer circunferences
of the disk 1 _can be determ ned by an arithnetical int bddds

met hod. 5 WO9M6651 |\ Fig. 15, the vertical axis represg%?fs)&?ﬁ
optimal tilting angle ([err]) for minimzing the radial tilt, and the
hori zontal axis represents the address of opti cal pickup (head) with
respect to the scanning direction Dr. Now, the first and optinmum
angle S1 and S2 are detected 10 with respect to the first and second
calibrati on dasamptedsolder 520%hn@nd thespthervis yconnected 49 & tastand t he
address 3 and pl otted points can be connected by a line
7301 which cans%%P%%??°1§Fas a tunction of address and the tilting
angl e’ By determ ning fumcbbmpafatbnrszaﬁ ndvinbstwd|nmpnt|teraxna$sible to

First and secortnnuFEea e the ‘it samprerRolFER 287 FEiuie ToTH s

simul ati of |ingakpd holder 5208 for receiving thus held crosstalk
components from the neighboring tracks 5101 and 5107. The
comparator 5209 detects a difference between these two
voltages and produce thé difference signal Sy. Note that
this difference signal éy represents the difference between

10 two crosstalk components from the first or third and second
or fourth sectors. )

The radial tilt evaluator 5216 is further
connected to the comparator 5209 for reqeiving the
difference signal Sy. T

15 Referring to Fig. 42, the flow chart for the
operation of thus constructed optical disk apparatus P6 is
shown. The outline of the operation is briefly described
below. ?

In the optical pickup 5301 first access to the

20 second track of first sector 1507, for example, to
reproduce therefrom. The preamplifier 5202 amplifies the
reproduction signal from the optical pickup 5301 and
transfers thus amplified reproduction signal to both the
address reader 5203 and the band filter 5204.

25 The address reader 5203 reads the address
inrormationifrom the address area (1507a) of the sector
(1507) to which the optical pickup 5301 is currently
accessing. Based on thus detected current sector address,
the address reader 1507 further produces either one of two

30 switching signal Swl or Sw2. Specifically, when the odd
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can be theoretically or experinentally determ ned.

Furthernmore, thus determined function factors of 20 the sinmulation |ine
7301 can be recorded in a suitable area of the optical disk 1. The
opti cal disk apparatus : according to the present inventji

pronpt |y and V8726651 calibrates the radial tilt dynani C‘?{?"?VSQ{’}’&’ when
t he optical disk set therein is replaced with other disk. 25
Furthernore, by calculating the radial tilt of the optical disk 1
based on the calibration data track area 23 fornmed in that optical
disk 1, the recorded signal is reproduced fromthe ai ned recording

tracks with rrashisered sectoxr dsstiet&ctedm indh cedtiigigh dihiaeg thea€lisstadj acent to
t he ai ned

97/ 26651 sector 1707 or the third sector 17@&5%%ﬁ§%§¢6@6&§ acces5351
the first switching signal Swl is produced. When the even

numbered sector is detected, indicating that the second
5 sector 1708 or the fourth sector 1710 is currently
accessed, the second switching signal Sw2 is produced.

The band filter 5204 is set to have a let=-through
frequency of £f1=1/22Tw, so that the crosstalk components
from the first track 5102 of the first.and third sectors

10 1507 and 1509 and from the third track 5107 of the second
and fourth sectors 1508 and 1510 pass through to the
detector 5205. The detector 5205 converts these crosstalk
components into voltages, respectively.

' . Oon receipt of the first 51gnai Swl, the selector

15 switch connects the detector 5205 to the first sample
holder 5207 so that crosstalk voltages from the odd
numbered (first and third) sectors (1507.and 1509) are
transferred to the first samble holder 5207. On receipt of
the first signal Sw2, the selector switch connects the

20 detector 5205 to the sample holder 5208 so that crosstalk
voltages from the even numbered (second and fourth) sectors
{1508 and 1510) are transferred to the second sample holder
5210. _

As a result, the first sample holder 5207 holds

25 the crosstalk component only from the inner circumferential
tracks corresponding to the first calibration data track 32
of Fig. 4. The second sample holder 5208 holds the
crosstalk component only from the outer circumferential

tracks corresponding to the third calibration data track 33 T
30 of Fig. 4.
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track. Therefore, the reliability of the reproduction operation is
further inproved. Still furthernore, since the optinm
tilting ~angle [err]Ja is stored in the third nmenory 55 of the radi al

5 tilt controller 54 as the optinmumtilting angl e signal S%gr' a
& i sk

it is possibl WO87e8bpare the radial tilt amount of the [
apparatus with respect to the optical disks set in the past tine,
before the delivery to the end user for exanple, enabling the
function check of the optical 10 di sk apparatus itself.

The radial tilt calibration according to the present invention can be
performed at any tine whaherefore, theadompatatbrcobodredmpares theuired.
For exanple, the optical disk may changes its ,pose Qr, position with

respect 15 FE°FﬁEaHSt‘P€‘aP°’Fﬁ’é% Fxam Fknsts ancke A ince Fakdrabionafrbas

are applied th%&ﬁbﬁs 32 and 34, and préﬁﬁééﬁmﬁﬂé3@@?f¥%@n&%ﬂs§%n&i”§¥3d from
the opti cal sk apparatus of Fig. 8, when the equalizer 126 teduces

the jittering BﬁrﬁhétﬁéprbﬂecQEPEﬂiﬁﬁﬂ k5o Aikeh simideredo xhose t he
Ji'stgie::agt a”PUEL_ fol‘:ﬂeﬁhi:% Coptifedt ik fJéﬁJQz‘a% X aeReawal fien 125
y input tot |nar| at'1 on
As the jitter zefemengeatarBigs., 3hmndtifor anshriis omitted for the sake
of brevity.
As described in the above, since both the first
and thirad tracks 32 and 34 are recorded with the pit
10 pattern, the calibration data can be reproduced from the
second track 33 according'to the three-beam tracking
method. o
Furthermore, the second track 34 is recorded w1th_
the calibration data s;gnal having a frequency t£0, and the
15 first and third tracks 32 and 34 are recorded with the
calibration data signal having a frequency t2, wherein tOzl
and t0#n-tl (*n" is an integer). As a result, the
c:osstalk component from the first and third tracks (32).
and (34) can be clearly detected free from the influence of
20 the signal reproduced from the second track (33).
Additionally, Since the signal having a
predetermined freguency corresponding té a byte-unit in the
data system is recorded to the second track (32), the
calibration data area (23) can be formed with a simple
25 format. It is to be noted that 68 Tw corresponds to 4
bytes of a data system with the 2-10 modulation process.
Seventh embodiment
Referring to Fig. 43, an optical disk apparatus
according to the sgventhmembodiment of the present

30 invention, used for forming the calibration data track area
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whi ch can detect the jittering anmount of the reproduced 25 signal Sd can
be used. It is also possible that the radial tilt shows different

val ue at the inner and outer circunferences of the optical disk when
the optical disk is .subj ect to the dinensional errors over the

al |l owabl e r amym9m26651  Such error may be caused by unevennesRCTHPIRONRCt | on
| ayer, 30 deformation thereof, and inproper form ng process, for

- 33 - WD 97/ 26651

PCT/ JP96/ 00048 exanple. In this case, it is preferable to
conpensate the radial tilt with respect to the entire recording area

of the of igmltHl dptitaddiaiski 19 LBeshowh| NOTRE 0t Rfa VR iia!
apparatus P7 according to this embodiment has a
construction similar to those 6f Figs. 8, 31, 34, and 35
but different in the following points relating to recording

5 with predetermined calibration data to each of data track

of the calibration data track area 23. Herebelow, only the
portion essential to forming the calibration data track
area 23 is described, and other parts similar or common
with those of Figs. 8, 31, 34, and 35 are omitted in Fig.

10 43 for the sake of brevity.

Thé optical disk apparatus_b? includes the
optical pickup unit 122 including the lﬁser diode i23 and
the pin photo diode 1241 for :ecordipguind reproducing the
information to and from the optical disk 1. The

15 transporter $8 is provided for moving the optical pickup
unit 122 for scanning the recording tracks formed on the
optical disk 1. Thus, the optical pickup unit 122 and the
transport 53 construct an optical picknp-system Os. From
the preamplifier 125 connected to the optical pickup unit

20 122, the focus error signal Sfe is transferred to a focus
servo circuit 200. The focus servo circuit 200 produces a
focus driving signal Sfd for driving a focus controlling
system (not shown) incorporated in the optical pickup unit
Os. Note that the focus servo circuit 200 corresponds to

25 the focus servo circuit 100 of Fig. 34.

A calibration data recording controller 210
produces a transporter driving signal std for controlling
of the movement of the optical pickup unit, and is
connected to the transport 58 for transferring the signal

30 Std thereto. The calibration data recording controller 210

- 58 =~



pi ckup Gs (122 and 58). For this purpose, according to the 5- pr esent
I nvention, the optical disk having two calibration data areas forned
in the inner and outer circunferences, respecti.vely, is provided, as

descri bed abov .ir%is - reference to Fig. 1C B;E"‘%Ef
to Fig. 16, a Sg%%n éxanple of the 10 calibration data traéﬁlarea 3 of

Fig. 4 is shown. 1In this exanple, the first and second tracks are
both recorded with the 11T signal S11T. The second track 33 is
recorded with the random si gnal SR The random
signal SR is produced according to the 15 2-10 nodul ation, including 3T
signal S3T to 11#“%%|producessm$alxhr§t%% Hateekarction eignadesras

follows with indi&ERGF gﬁ gﬁl@bfa %‘&H¥5F¥é dyae%hQnOQL'Cal

di sk 1. The random sign 'S CO |nat|on urallt
pi t mar ks and pi€alikustsionTidatsi tragkksreéavasa 20 predetern1ned nunber,

nine for exanple, of diffege rre to t hat of
3T signal S3T to 11T S|gna§ géligg%?é%? dﬁ$a %ggegﬁgggséggcg
predet er m rfed, rplerddity of statagpbesuem abfnmusﬂﬁoﬂéﬁtﬁﬁﬁhge@ﬁ& pattern

correspondi ng to t at_ of gg nal s o sjgnal S11T. 25
The first and t hPPEP tFRAESPONGIR 35°a?§ rati°ﬂnﬁ3F§MWH4°§1?r§lgnal

S11T which is a pmm&mwa%j.%a with ré?ékeerta’e el n%'l gf a pit
mar k having a Ie corresponding to the 11T signal "S1IT and a pit

space havi ng gg‘élr?se'nd‘{%ec&“llé’s&ﬁﬂ?nﬁo‘ﬁ% 319 1311I°:S|ag?¢al329113rel shown
al so 30 possibreri@. ayd Fdrpes saRd S£GLOitle, Tk HANA i mtied Rnee.

10 The calibration data generator 220 is connected
to the calibration data recording controller 210 for
receiving the calibration data signai Src. Based on the
calibration data signal Src, the calxbratlon data generator
220 selects specific ROMs storlng the pit pattern data .

15 indicated by the signal Src from ROMs 300, 320, 320, and so
on. From these selected specific ROMs, the corresponding
pit pattern data are read out in a predetermined order and
timing for writing to the'corresponding data tracks 32, 33,
and 34 of the area 223 based on the calibration signal Src.

20 A laser diode driving circuit 240 is connected to
the calibration data generator 220 for receiving the pit
pattern data thus readout from each of corresponding ROMS
and produce a laser diode driving signal sStd for
controlling the laser diode 123 of the optical pickup unit

25 Os (122). The laser diode driving circuit 240 is further
connected to the laser diode 123 for transferring the laser
diode driving signal std thereto.

Thus, based on the signals Std and Src, the
optical pickup unit Os is controlled to record each of

30 recording tracks 32, 33, and 34 of the calibration data
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PCT/ JP96/ 00048 single sector thereof, provided that the enough
anount of 11T signal conponents are included therein.

Referring to Fig. 17, one-exanple of the 11T signal S11T within a
singl e sect oWQ%¥266dwn. The address 5 data and Error Cor PEEIRER0M3 e
are added to ends of the 11T signal S11T, respectively.

Referring to Fig. 18, a third exanple of the calibration data track
area 23, simlar to that of Fig. 15, is showmn. In this exanple, the

second track 33 is recorded
area 223 with the predetermined calibration data

represented by predetermined pit patterns. Aas descriﬁed in
the above, the sizes of pit marks and pit spaces are
determined with respect to the spot size Ls of the laser

5 beam impinged thereto for reproducing signal therefrom.
However, it is needless to say that the sizes of pit marks
and pit spaces can be determined with respect the spot size
(Ls) of the laser beam impinged thereto for recording pit
marks thereto. '

10 . Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanyipg drawings, it is
to be noted that_variou; changes and modifications are
appareht to those skilled in the art. .Such changes and

15 modifications are to be understood as included within the
scope of the present invention as defined by the appended
claims unless they depart therefrom.

Industrial Applicability
The prevent invention can be applicable for

20 reproducing the digital information from the optical disk
bearing digital information even when such optical disk
physically deflect or distort due to the gravity, and when
such disk is not set the optical disk apparatus with
dimensional incorrectness. Furthermore, the electrical

25 propensity peculiar to the circuits used in the optical
disk apparatus.

Thus, the manufacturer can ship.the optical disk
with the calibration patters recorded to the calibration
record area of the disk. The-user can compensates for the

30 distortion such as radial tilt, tangential tilt, and
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10 ‘with the specific pattern signal SP. The specific pattern

signal SP is constructed as previously described wth reference to
Figs. 5A and 5B. Referring to Fig. 19, an alternative of
calibration da rack area 23 of Fig. 3 is shown. 15 Al t hough_al |
tracks 32, 33,“&%%”%%’has the sane track width Tl in th& %P@ﬂﬁ?@b of
Fig. 3, the second track 33 has a track width T2 narrower than the
width T1 of other tracks 32 and 34 in this exanple.

Referring to Fig. 20, a first exanple of the 20 calibration data track
area 23 of Fig. 19 is shown. The first and third tracks 32 .and 34

are recorded w telaegteic propensitin sffectimR the e epmmiutttinddly 3F ithe
recorded with t . Bfj rn si gnal - In
this exanpl e, ifiad bt HURRA b, BELAGEhE HheaT otk ampamatoe wi atn
other than the dirtergoratied #2thntha4calibratidie Medteaiiahk dcedr®nseeend

track 33 fromt nei_ghbori tracks 32 and 34 is greater than the
case of Fig. 4.q§'le péiﬁﬁﬂreggyﬁPtphe_jittering anount caused by the radi al
tilt —  5is also great erstipbhirtgieinbyel, NeheaGsuraken Ipb86Ea Ot 30
radial tilt. In %Q%tl nto this, since the calibration

calibration pattern to the recordable type of optical disk

for the first time to use that disk by using the recordable

type of optical disk apparatus according to the present
invention.
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PCT/ JP96/ 00048 data track area 23 occupi es a narrower space, nore
space can be used for recepd+ﬂg—%hE”rnfoTﬁﬁT|on
Referring to Fig. 21, a second exa Ie of calibration data track
area 23 of Fi yoﬂwtl m | ar toTl i S showRCT/JPI6/0088 s
exanple, the first and third nd 34 are recorded with the
11T signal S11T, and the is recorded with the random
signal SR Referrlng to Flg 22, a third exanple of the
calibration data area of Fig. 19, simlar to that of Fig. 10 18, is
shown. In this exanple, the first and thar@stracks 32 and 34 are
recorded with the 11T signals S11T, and the second track 33 is
recorded with the specific pattern signal SP

1. An optical disk apparatus (P7) for reproducing a

signal (Sd) from a recording track formed in an optical
disk (1) by focusing a light spot (Ls) on said recording
5 track, said apparatus comprising:

a first pattefn generator means (ROM) for
generating a first pattern (SP) for causing said reproduced
signal (sd) to jitter; and

a writing means (122) for writing said first

10 pattern (SP) to a first recording track (33) of said
optical disk (1). |

2. An 6ptical disﬁ éppar;tus fPff as claimed in
Claim 1, wherein said first pattern (SP) written in said
first recording track (33) comprises: _

15 a first mark (3204) greater than said light spot
(Ls) provided on an alignment line exten&ing along with
said recording track (33); and

a second mark (3206) greater than said light spot
(Ls) provided on said alignmentlline and apart from said

20 first recording mark (3204) by a first predeternined

distance (3205) smaller than said spot (Ls).

3. An optical disk apparatus (P7) as claimed in
Claim 2, wherein said first and second marks (3204 and

3206) are alternately provided within said first recording
25 track (33).
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Referring to Fig. 23, other alternative of 15 calibration data track
area 23 of Fig. 3, simlar to that of Fig I s shown. Although the
second track 33 has a . track wdth T2 narromer “than the width Ti of

ot her tracks She!atgiastﬂa lacsd and third t
34 has tWé”s”Qﬁé‘w dt h T3 nar nm”m !RT width T1 of the ’58“‘%‘“

second track 33 in this exanple. F@ferrlng to Fig. 24, a

first exanple of the data track area 2 17, simlar to that
of Fig. 20, is shown. The flrst and third tracks 32 and 34 are
recor ded wi th the random signal SR, and the second track 33 is 25

recorded with thé-specificABaPpsifalj ghsk apparatus (P7) as claimed Hins

example, since LBgathst a0l 'dhid 3akse pareodd 28834, DaKgnl e pargover

track wdth T3 ot er t secon PRac CrossS
second track 33 fivst recordinsrﬂﬁqﬂﬂuﬂﬁ3ﬂgcpmackse32 and 34 is greater t han

the case 30 of Fig. 4. .Thsteleiey bPeuhldd AL ATY) GG LR
5 said light spot (Ls) provided on an alignment line
extending along with said recording track (33) and apart
from any other third mark (3202) by a second predetermined

distance (3201 and 3203).

5. . An optical disk apparatus (P7) as claimed in

10 Claim 1, further comprising a second pattern generator
means (ROM) for generating a second predetermined pattern
(SR), said writing means (122) writing said second pattern
(SR) to second and third recording tracks (32 and 34) each
provided on the opposite sides of said first fecording

15 track (33) for causing the crosstalk in said signal (Sd)
reproduced from said first recording track (33) with
signals (Sd) reproduced from said second and third
recording tracks (32 and 34).

6. An optical disk apparatus (P7) as claimed in
20 Claim 5, wherein said second and third tracks (32 and 34)

comprises plural marks arranged at random.

7. An optical disk.apparatus (P7) as claimed in

Claim 5, wherein said first, second, and third tracks (33,

32, and 34) having first, seeond, and third predetermined
25 track widths (Tp), respectively.
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radial tilt is also greater, enabling a further accurate detecti on of
radial tilt. In addition to thi S, “sSince the calibration data track
area 23 occupi es a narrower spa e can be used for

recordi ng t haVORT6Hat i on. s Shect Has Bilehe lch%?ng to Fig. PSTARIHM48N(
exanpl e of the dat a track almHHIHH[ﬂl simlar to that of Fig.
21, is showmn. The first and 32 and 34 are recor ded
with the 11T signal S11T, and the second track 33 is recorded with
the random signal SR 10 Referring to Fig. 26, a third exanple
of the data 8. track mesptical diisk apparstis! 3P7Y0akhaladhedith 22, is
shown. The first and third tracks 32 and 34 are_recorded with the 11T

signal S11T, &l@imnd.swbsxgipr gagdsbirst, 59°°W%CG’F%CFM% the specific
pattern si gna#prﬂaeﬂég ed track wifEh$' {1 4:% Fage %Zﬁ ot her

alternative o I bration data track area 2 “simlar to
t hat of Fig. 3, is shown. Although all the tracks 32, 33, and

34 have the syre track w%ﬁ $§g¥%gfud' Ep%ga§6hge(55ac§s claﬁg%%diﬁ Tl in

t he recordlng area 2 of cal rring to
Fig. 28,5a fi rtﬂtamarrpmaeademhsaddt airst predetermined track width (T2)

is smaller than said second and third predetermined track
widths (T1).

i1o0. An optical disk'apparatus (P7) as claimed in

Claim 7, wherein said first predetermineg track width (T1)
10 is greater than said second and third prédetermined track

widths (T3).

11. An optical disk apparatus (P4) as claimed in
Claim 11, further comprising:
an optical pickup means (Os) for impinging said

15 light spot (Ls) to said recording track for producing said
signal (Sd) therefrom;

a tracking position control means (140) for
changing focusing position of said optical pickup means
{Os) by a predetermined pitch;

20 a jitter amount measuring means (41) for
measuring the jittering amount (Sj) in the signal (Sd)
reproduced from said first recording track (33);

a minimum jitter position detection means (120)
for detecting a minimum jitter tracking position at which

25 said measured jittering amount (Sj) is minimum; and

— a tracking control means (130) for controlling

said tracking position control means (140} to set said

- 64 - THI¢, SHEET HAS BEEN

M) R O P




track area 23 of Fig. 27, simlar to that of Fig. 20, is shown. The
first and third tracks 32 and 34 are recorded with the random signal
SR, and the second track 33 is recorded with the specific pattern

signal SP. 25 - I'n thi shiesteenplacBeeARepleal | br at i on  abApddidedsS
32, 33, ¥O"#%Mave the track umu M'mrr wer than that g?‘

recording tracks fornmed in the recor t he optical disk
1. Therefore, the crosstalk to the secon rack 33 fromthe

nei ghboring tracks 32 and 34 i-s greater 30 than the case of Fig. 4.
Therefore, the jittering anount - 37 -
WO 97/ 26651 optical pickup means (0s) at said dptergedcnbobmsm jitter

tracking position.

12. An optical disk apparatus (P1) for reproducing a
signal (Sd) from a recording track (2 and 33) formed in an
5 optical disk (1) recorded with a predetermined pattern (SP)
to said recording track (2 and 33) for causing the signal
(Sd) reproduced therefrom to jitter, said apparatus (P1)
comprisinq:_
an optical pickup means (0s) for impinging a
10 light spot (Ls) to said recording track (2 and 33) for
reproducing said signal (84d) therefrom;

a tilting means (60) for tilting said optical

* “pickup meéans (0s) by a predetermined angle (At) in a
predetermined direction;

15 a jitter amount measuring means (41) for
measuring the jittering amount (sj) in fhe signal (sq)
reproduced from said recording track (33);

a minimum jitter angle detection means (50) for
detecting a minimum jitter angle (fa) at which said

20 measured jittering amount (Sj) is ninimum; and

a tilting control means (54 and 67) for control
said tilting means (60) to tilt said optical pickup means
(Os) at said detected minimum jitter angle (8a).

13. An optical disk apparatus (P1) as claimed in
25 Claim 12, wherein said predetermined direction is a radial
direction with respect to said optical daiskx (1).
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caused by the radial tilt is also greater, enabling a further accurate
detection of radial tilt. In addition to this, since the calibration
data track area 23 occupies a ——narf-ower space, Nore space can be used
for recording the 5 i nformation. Referring to Fig. 29

second exanplwo 812668ie dat a This Sheet Has BeenReplaced £ o 57 S PR, t hat
of Fig. 21, IS shown. The fi ml tracks 32 and 34 are
recorded with the 11T signal S11T, d track 33 10 S

recorded with the random si gnal SR : Referring to Fig. 30,
a third exanple of the data track area 23 of Fig. 27, simlar to that
of Fig. 22, isq. shaMnopfieal ididk aipparaitis ((Pegkas321aimeddinr e

recor ded wth the 11T signal_ S11T, and,the second track 33 is 15
recorded wit HCiaim shocivliarein S@if PrgAgrerpined diregbion ivdi nent
Referring to £l eﬂﬁi s A s : ik 40 the
second e?vbodi?r%ﬁ? 0 at'ﬁelal?rged;g%{n ?%\?g‘n?igggéé&uéo ?sras %E\Aiééflj'h%%b%t I cal disk
appar at us P2 ¢peical otk uUdi.on 20 very simlar to that of Fig. 8,

wherein the radial tilt evaluator 50, radial tilt controller 54, and
radial tilt adj uster 67 are replaced by a tangential tilt eval uator
70, 5 a tamgential Anl bpthocal ciisk apparatthsa (Bd)gchoki alepriodticing a

o0 ot 92, LRRREE" (98 ench® n, rersetps heathe (I IM Elebha BT T
t he sanppiicaltadisk aaL) hassorded hithadi prefictertintd apHttdth asP)
to said recording track (2 and 33) for causing the signal
(Sd) reproduced therefrom to jitter, said apparatus (P3)
10 comprising: ]
an optical pickup means (Os) f;r impinging said
light spot (Ls) to said';ecgyging t:ack_fz and 33) for
Jreprodﬁcing saié signal (sﬁ)-therefroﬁ;
a focus position control means (110) for changing
15 focusing position of said optical pickup means (Os) by a
. predetermined pitch;
| a jitter amount measuring means (41) for
measuring the jittering amount (Sj) in the signal (sd)
reproduced from said first recording track (33);

20 | a minimum jitter position detection means (90)
for detecting a minimum jitter focusing ppsition at which
said measured jittering amount (S3j) is minimum; and

a focus control means (100) for controlling said

focus position control means (110) to set said optical

25 pickup means (Os) at said detected minimum jitter focusing
position.
16. An optical disk apparatus (P4) for reproducing a

signal (Sd) from a recording track (2 and 33) formed in an
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radial tilt controller 54, respectively, as best shown in Fig. 31.
The tangential tilt adjuster 73 Ts—atso WO 97/ 26651

constructed in a construction sith %tﬁgsgg%_ qf he radi al tilting
adj uster 60 of K except the Y : , _
Re{c erring to F?@Q?#t he tilti ngﬂiﬂlﬂ“UWl ﬁ shown. The ¥ﬂ’ml t
73 has a base plate Pt for 5 S ransporter 58 thereon and a
ful crum nenber Ft. One end of base plate Pt is redoubtably connected
t he ful crum nenber Fr, as in a manner of cantilever, and

another end is plgced on one end of a vertical reci procating menber
Tt. The other ®RBER1tRiskefl) pgcoxrsed wigh o predetermimedr pattexnsi(SBhbl y

connected to agpadhdh recording track (2 and 33) for causing the signal

(sd) reproduced therefrom to jitter, said apparatus (P3)
comprising:

5 an optical pickup means (0s) for impinging said
light spot (Ls) to said recording track for producing said
signal (Sd) therefrom;

a tracking position control means (140) for
changing focusing position of said optical pickup means

10 (Os) by a predetermined pitch;

a jitter amount measuring means (41) for
measuring the jittering amount (S3) in the signal (s4)
reproduced from said first recording track (33);

a minimum jitter ﬁositioﬁtdéééction means (120)

15 for detecting a minimum jitter tracking position at which
said measured jittering amocunt (Sj) is minimum; and

a tracking control means (130) for controlling
said tracking position control means (1&0) to set said
optical pickup means (0s) at said detected minimum jitter

20 tracking position.

17. An optical disk apparatus-(P7) for recording a
signal (Sd) to a recording track formed in an optical disk
(1) by focusing a light spot (Ls) on said recording track,
said apparatus comprising:

25 a first pattern generator means (ROM) for
generating a first pattern (SP) for causing said reproduced
signal (Sd) to jitter; and

THIS SHEET HAS BEEN
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tilt adjuster 82. In this exanple, the vertical reci procati ng nenber
Tt.is nmade by a screw which can be turned by the radial tilt adjuster
82, and is reciprocated “in the vertical direction indicated by an

arrow Dz. 15 Accordmggm&pﬂéh@ & ‘ngcatlon of the screw
member Tt, tHWOWH2SH| ate Pt mclen en @sporter PCTARI60Q48

opti cal plckup 122 pivotally rota direction Dr with
respect to the ful crum nenber r words, the radial tilt of

the optical pickup system 20 Cs can be deternlned by the tangential tilt
adj uster 82. It is to be noted that the base plates Pr and Pr of

radi al and tangenaigkitinh Ixﬁ&hﬂml(tﬁzﬁo 30 wtdtang BRiQOENRELI N a
single unit haV|ng two ful crumFr and According to

this enbodi neRRtLENR qo%’s)l thoR \me'sé gscord%m track (3} foFAid s the

smal | est corrf?£§55§ rya) optinmumtilting angle at which the
tangential ti I's the ‘smal | est. Based on this facts, the t angenti al

tilt can be conpensated by adjusting the titling angle of the optical
G 1'ar ot ii%e descr | BBaShE EheF oA drelstii te% b B1fudda tnPast callY
- 39 5 Claim 17, wherein said first pattern (SP) written in saigd '
first recording track (33) comprises:
a first mark (3204) greater than said light spot
(Ls) provided on an alignment line extending along with
said recording track (33); and
10 a second mark (3206) greater than said light spot
(Ls) provided on said alignﬁent line andhapart from said
first recordlng mark (3204) by a flrst“p:edetermlned .

distance (3205) smaller than said spot (Ls).

19. An optical disk apparatus (P7) as claimed in
15 Claim 18, wherein said first and second marks {3204 and

3206) are alternately provided within said first recording
track (33).

20. An optical disk apparatus (P7) as claimed in
Claim 17, wherein said first pattern (SP) written in said
20 first recording track (33) comprises:

a plurality of third marks (3202) smaller than
said light spot (Ls) provided on an alignment line
extending along with said recording track (33) and apart
from any other third mark (3202) by a second predetermined

25 distance (3201 and 3203).
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Figs. 11,- 13, and 14 with respect to the optical disks 1 of Figs. 1A
1B, and 1C, the further description is omtted for the sake of
brevity. Ref erri B Sibetth Repldcke rel ationshi 5
the base pl at eWPPI"3#65the tilting s Sttt tangent i al m§| i t&of
the optical disk 1 is shown schew&*mﬂm‘m mgm the optical disk 1
has no tangential tilt, the base is set parallel to the
surface of the optical disk 1 so as to inpinge the | aser beam Lb,
along the optical axis, on 10 the disk 1 with a right angle. However,

when the opti cal
any of the
tangential tilt

21. d|shnlopggcglt@hggn@pgﬂrgtuq (Rt) as elaimed ey | n
a%‘g.f:ﬂ\/\i‘?' rﬁ%éh%ls 'co % g(:% Sg %hdsgsg\ggfnl aghéggéopy t he

€ Wth reSpect t tlca

conpensati ng thlneansl(naM)cmbzugynadahiﬂq a mesond\pretietetBiined\pattetrhe

tangential tilt
Pt in the corres

Toh el SRR S (%5 Bilssom,path WEpFcSetkebe

accordi ng t® the(BRpUESt s8torid |dndBdird recording tracks (32 and 34) each

10

15

20

25

provided on the opposite sides of said first recording
track (33) for causing the crosstalk in said signal (Sd)
reproduced from said first recording track (33) with
signals (5d) reproduced from said second and third

recording tracks (32 and 34).

22. An optical disk (1) for use in an optical disk
apparatus (Pl) reproducing a signal from a plurality of

" recording tracks formed in said optiéal disk (1) by

focusing a light spot (Ls) on said recordlng track, said
optical disk (1) comprising:

a first recording track (2) for recording said
signal therein; and

a second recording track (33:3, 23) for recording
marks formed therein in a first predetermined pattern (SP)

for causing a signal (Sd) reproduced therefrom to jitter.

23. An optical disk (1) as claimed in Claim 22,
wherein said first pattern (SP) written in said second
recording track (33) comprises: |

a first mark (3204) greater than said light spot
(Ls) provided on an.alignment line extending along with
said recording track (33); and

a second mark .(3206) greater than said light spot

(Ls) provided on said alignment line and apart from said
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[err]t. Third enbodi nent 20 Referring to Fig. 34, an
optical disk apparatus according to the third enbodi nent of ‘the
present invention : is sho “WThE“Uprfcaﬁ'd%sk apparatus P3 has a

construction very simla t _of F| 8, wherein th ' tilt
eval uator 50,woam6es1 tilt cont Bee i al tilt 25 P&M‘gr 67
including titling unit 60 are r .focus position eval uator
90, a focus controller 94, a fo circuit 100, and a focus

position adjuster 110 connected to the focus servo circuit 100 by a
line Lr7, respectively. Note that tilt adjuster 67 including tilting

3040 uni t 60e gk bhged Eed X Gtéti'&;a%‘k qdizea)eby8ad ENekudppeaététniged
PCT/ JP96/ 0004distance (3205) smaller than said light spot (Ls).

24. An optical disk (1) as claimed in Claim 23,
wherein said first and second marks (3204 and 3206) are

5 alternately provided within said second recording track
(33). '

25. An optical disk (1) as claimed in Claim 22,
wherein said first pattern'(SP) written in said second
recording track (33) comprlses. -
10 a plurality of third marks (3202} smaller than
' said 11ght spot (Ls) provided on an alignment line
. extendlng along with said recording track (33) and apart
from any other third mark (3202) by a second predetermined
distance (3201 and 3203) greater than said light spot (Ls).

15  26. An optical disk (1) as claimed in Claim 23,
wherein said first mark (3204) extends along said alignment
lined by a first predetermined length 6T, said second mark
(3206) extends along said alignment line by a second
predetermined length 7T, and said first predetermined

20 distance (3205) is a length 3T, said T being the channel
bit length. .

27. An optical disk (1) as claimed in Claim 25,

wherein said third marks (3202) extends along said

alignment line by third predetermined length 3T, and is
25 apart from one of neighboring two third marks (3202) by a

third predetermined distance 7T and from the other of
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unit 73 can be used together in this enbodinent, but are omtted for

the sake of brevity. ____The feeus—position evaluator 90 and
focus controller 94 are constructed in sub%tantially the sane 5
structures as th9smegdy t he radi atnidshedt Hﬂe 50 and FEEirakndokd t
controller 54, respectively, as b . Fig. 34. The focus
position eval uator 90 produces a aM\‘ﬁ vo circuit control signal
Sfs instead of the radial tilt adj uster control signal Stl (by the
radial tilt evaluator 10 50) for controlling the focus servo circuit
100. According. to this enbodi nent, the position where

the jittering fanﬂlfh"tghb:?rt% e FB&fdcﬂFFlS%p(ﬁﬁﬁz)t ®¥ e Lourth opti mum f ocus
position at whi clpiditeteitinedl d6eahe@abt, said P HPEld CridClie

Based on this facts, the focus servo circult 1 produces a focCus
conpensati on si grkgngyh. I ndicative of that the current position is the
opti mum position whereat the focus error signal should be zero or
the small est. This focus conpensation signal Sf is transferred to the

focus position add8ster 110Anhoptdgak HiedO (1) kisnelhdhedsdnt bpaihhe2f ocus
position adjsu_ster I ckup to, conpensate the

focus error ~signal ré u%tét%e&iéﬁtatf’ggﬁgg%L?%%P‘!"b’og‘??r? orP (881 88N he
smal | est . Tecordingy ftrack gBBYr cefpefgesg on the el ectrical
said first mark (3204) extending in the
longitudinal direction of said second recording track (33)
by a first predetermined length greater than said light
10 spot (Ls);
a second mark (3206) extending in the
longitudinal direction of said _se‘copq-,‘reeording track (33)
by a second 'i;redeteriﬁ:'i.'r'ie'c‘imleng{:h éée;{:er than seid 1ight':' -
spot (Ls), and provided on a first si&e of said first mark

P

15 (3204) with a first predetermined interval (3205) smaller
than said light spot (Ls); and
a third mark (3202) extending in the longitudinal
direction of said second recording track (33) by a third
predetermined length smaller than said light spot (Ls) and
20 provided on the other side of .said first mark (3204) distal
from said second mark (3206) with a second predetermined

interval greater than said light spot (Ls).

29, An optical disk (1) as claimed in Claim 28,
wherein said first pattern (SP) is repeatedly formed in

25 said second recording track (33) so that said third mark
(3202) is separated from the next of said first mark (3206)
by a third predetermined interval (3201) greater than said
light spot (Ls) .
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propensity of the circuit can be conpensated. 25 "Since the
focus position can be conpensat ed—by————adiusting the titling angle of

the optical pickup unit GCs, as descri bed |n the above, the operations

by this enmbodi nent are al so tedr to t hose descri bed

wi th referencwossnéésys. 11, 13, a:mi‘T urth enbodi mPGE/IPI6O0048

- 41 - VO 97/ 26651

PCT/ JP96/ 00048 ' Referrlng to Fig. 35, an optical disk

appar at us according to the fourth enbodi nent of the present invention
30. An optical disk (1) as claimed in Claim 28,

wherein said first predetermined length is 6T; said second
predetermined length is 7T; said first predetermined |
interval is 3T; said third predetermined length is 37T; and
5 said second predetermined interval is 7T, said T being the
channel bit length. '

31. An optical disk (1) as claimed in Claim 29,
wherein said third predetermined interval (3201) is 6T,
said T being the channel bit length.

10 32. An optical disk (1) as claimed in Claim 29,
further comprising a third and a fourth recording tracks
s - -~(32 and 34) each provided on-the ‘opposite sides ‘of said
second recording track (33) for causing the crosstalk in
said signal (S3d) reproduced from said second recording
15 track (33) with signals (Sd) reproduced from said third and
fourth recording tracks (32 and 34).

33. An optical disk (1) as claimed in Claim 32,
wherein said third and fourth tracks (32 and 34) cdmprises

plural marks arranged at random.

20 34. An optical disk (1) as claimed in Claim 32,
wherein said second, third, and fourth tracks (33, 32, and
34) having first, second, and third predetermined track
widths (Tp), respectively.
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is shown. The optical disk apparatus P4 has a construction very
simlar to that of Fig. 34, wherein the focus position 5 eval uator 90,

focus controller 94, focts servo Chih Gk ; and focus position
adj uster 110 % &%gced by a trac Sk i den e la‘r:tr on eval uapet/riotioooss
l HIH ﬂm ircuit 120, and a tracking

tracki ng contro
position adjuster 140, respec The tracking

position eval uator 120, tracking controller 124, tracking servo
circuit 130, and the tracki ng position adjuster 140 are constructed
in the gg,uct ur es ameraptdicall aisko (Lhoae elatihedf dnusiapheil4s pn

eval uator 90, focus controller 94, focus servo crrcurt 100, .15 focus

posi tion adju§F€F‘TﬁOsaﬂ@sSEEFFve§?°°anmPnd hing pus eﬁ@%PFFoﬁ uat or
120 produces & idtdKi(ip)S8r¥Othe saméi (B1y I control signal Sts instead of

the radial tilt adj uster control srgnal Stl for controlling the

t racki ng servo circuit 130. 20 According fo this
enbodi nent , poSi ti OMYNGLE ca1 aiskQ1)) BECEhB9mBRACYR! cisihheq SRl | est
corresponds tt?ﬁ?ma op trrnﬁ%trackrg posrt?on at mﬂ C% lﬁe tfacki ng

error 5 sivpeteigh@aid Eerstr predetenanmadll'@sack Ba:scuth dT2)hiis

facts, the trackl I LGUI atr

conpensati on S gn rget'h %racj:'ét 5%8&%8 g‘&l ?ﬁ?ﬁ?& rr‘%l nx%.ne% 6:5?'::“ on is

t he opti num posidtlen (RY).tracking. This - tracki ng conpensation signal
Sts is transferred to the tracking position adjuster 140 through the
line Lr7, so that the tracking position adjuster 140 adjusts the

opti cal 37. An optical disk (1) as claimed in Claim 34,

wherein said first predetérminéd track width (T1) is
10 greater than said second and third predetermined track
widths (T3).

. . o 4 A A e L Y DT - - = N -
R R A T/ A SEL LN ..‘..:.--...-...._.’.rl_:",‘a Pk T T e ~

| THIC SHEET HAS BEEN
s o  REPLACED

* [ L M S *




30 pi ckup Gs (122 and 58) to conpensate the tracking error-
- 42 - WD 97/ 26651

PCT/ JP96/ 00048 signal -detected at the current position is zero or
t he smal | iy, s, the tracking error depending on the

el ectrical propen5|§§yof the circuit can be conpensat ed. PCT/IP96/00048
Since the tracking position can be conpensated by 5 adj usting the
titling angle of the optical pickup unit Gs, as described in the
above, the operations by this enbodi ment are also basically simlar
to those descri bed with reference to Eigs. 11,313, and 14.

Fig. 1A

1/33



Fifth enbodi nent 10 Referring to Fig. 36, other alternative
of - | calibration data track area 23 of Fig. 3 is showm. Note t hat
the first, second, and third calibration data tracks 32, 33, and 34
in Fig. 3 corr o the tracks 3702, 3701, and 3703_i 1.9 30,
respectively. Sﬁ? er%nre, a 15 track pitch Tp, instead ofrFﬂ@£¥£ﬂ%§
wdth T1 in Fig. 3, is defined as a di stance between centers of
nei ghbori ng two tracks. The center of each track is indicated by an
alternate |l ong and short dash line. Also in this enbodi nent, the
first, second, and third tracks 3702, 3701, 20 and 3703 are arranged in
order fromthe inside toward the outside of the optical disk 1.
In this exanple, -the second track 3701 is not recorded any pit mark.
The first track 3702 is recorded with a first periodical signal
represented by a third pit 25 pattern 3704. The third pit pattern 3704
is recorded to dFDE;FE:ck 3702 by repeatedly formng a pair of pit

pit spacest

mar k and rein at a 22Tw pgpi od, wherein "Tw' is a
wi ndow wi dth. The third track 3703 is record with a second
periodi cal signal represented by a folGrth pit 30 Pattern 3705. The
fourth pit pattern 3705 is r ' —

a3 PP N 124

[ 4

:O fw -

.e
-
i N




VO 97/ 26651 S PCT/ JP96/ 00048 |
the track 3703 by repeat edly form ng a pair of pit mark and pit space
therein at a 20Tw peri od. In other words, the first

calibration data track - 3702 is recorded with a pit pattw,@w’uw a
pair of pit 5 W &ﬁland pit space repeated at a period of tl= W. The
third calibration data track 3703 is recorded wth a pit pattern

having a pair of pit mark and pit space repeated at a period of

t2=1/20Tw. Note that t2=t1, t2#n-tl, -and t2=tl/m wherein "n" and
"m' are positive integers. 10 For form ng these pit marks,
any mar ki ng neans di stingui shable fromthe matrix portion such as

undul at ed surfaces (sunk or rased fromthe matrix surfacge$,
magneti zing direction, and crystallization ééat e ;

Fig.3 —
[] rE5~ :E;1«22
20 % 21

10 ukLU BN BT'“ZZ

-8
2

Fig.4 . ; /

srR | sp | sR
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(crystallized or anorphous) can be used. It is also 15 possible to

repeatedly add the track address information to

t hese signal s,

and

herei nafter this enbodi nent is descri bed with reference to the case

Wi th such repeatedl

according to t Y

two of 20 callbratlon data track areas 23, as best shown in Figs.

d&6added-track address informati on. Note that

enbodi nent, the optical disks having aPSYHRIFe004%

1A

1B, and 1C, respectively, are used. Referring to Fig. 37,

an optical disk apparatus

pr esent invention
an 25 opti cal

optical disk 3800 f

reproduci ng the infor
3809, corresponding to the radial tilt
i's provided -

unit 60-of Fig. 8,

according to the fifth enbodi ment of the

is showmn. The optical disk apparatus P5 includes

'/24

> Sp

4/33

3801 for inpinging a | aser beamto an
g@eé;' ing the infornation t hereto and
tion therefrom A r@@ tilt adj usting unit
adjuster 67 and the tilting

44 -



WD 97/ 26651 PCT/ JP96/ 00048 for

adjusting the tilting position of the optical pickup unit 3801.

A radial tilt controller 3811 is connected to the radial tilt .
adj usting “”itvﬁﬁgﬁwkﬁr transferring the radial 5 tilt adj mﬁﬁ&&r0|
signal Stl thereto. A radial tilt calibrator I'S
connected to the radial tilt controller 3811 for receiving the start
comand signal Sc therefrom and is further connected to the radial
tilt adjusting unit 3809 for transferring the radial tilt 10

conpensation signal St2 thereto. A preanplifier 3802 is

anplitude of the si- eproduced fromthe optical disk 3800, and
produces a reprofiuction signal. This :fproduction signal varies 15
according to the lengths of pits forned ing;éerecording track of the
optical disk 3800. ~ ATirst band TiTter 3803 having a
frequency of fl i s connecte he preanplifier 3&924(ﬂ recei ving
t he reproduction signal thefefrom Wen the fifaL,band filter

--7 H 1

connected to the optgeal pi ckup unit 3801 for increasing the
J;dg. 5B
u

> Sp




20 3803 is set to have a |et-through frequency of fl-1/22TW t he

crosstal k conponent fromthe first track 3702 is passed t hr ough

t ogether with the main component of the signal reproduced fromthe

second track 3701. . : A first detector 3805 is connected to

the band 25 WPPTR6851 3803 for receiving the reproduced signdicy

through the first band filter 3803 to convert it into a first

vol t age. A amplifier 3812 is connected to the first

detector 3805 for receiving and anplifying the first 30 vol tage. The

anplifier 3812 can be replaced by an : - 45
WD 97/ 26651

PCT/ JP96/ 00048

Fig.6

SECTOR
r A Y
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/ (
ADDRESS | ECC

Fig.7

Ls
3204 3203 3202 . 3202l 3201
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attenuator. Wien it is expected that the difference of mark length in

the third and fourth pit patterns 3704 and 3705 may causes a
difference in anplitude between these two of reproduction signals
reproduced fr t acks 3702 and 5 3703, respectively, nﬁﬁﬂbd&
(attenuat or) g@kfuﬁgétsed to conpensate such anplitude def e€rence.
A second band filter 3804 having a frequency of f2 is connected to
the preanplifier 3802 &or receivifig the reproducti on signal

therefrom When the s nd band lter 10 3804 is set to have a
| et-through frequency of” f2 ~ gthe cross@l Kk corrponentﬁromthe

second track 3703 is v~ pasge 1G@ugq together with the main aonponent
of the signal repro ond [TTack 370
A secaond detector 3806 _is—ton secqnd o hand fi Eﬁr 38Q4
for receiving the reprjoduced S|gnal €& ot Jgh theégqupdubard
filter 3804 to conv i @dnd \,(Eta e A
conpar_at or 3807 havi | s ::cauancfktkﬁfrﬁﬁﬁg iff i er
3812 and the sec@nd redeigv E? t hys @anpl } & ¢d- 1 ijr st
vol t age andtheN 1tug sDecER &Py her df r-dm Tge @
conpar at or 38 i; Is 2 & | en these|two vo] Ta é% dnd
produce a differenc 1a| Sy. hht=2thi s dﬁf I PNCE 5 wall |Sy
represents the diff betveer \/\Q-?,cr(gstalkiZS > corponéﬁt 5 1| @ tlhe
first and third tragp 3702 arf 13703~ —. ] < a1] e -
- < IQPb| 2 |=
1 2 & S |2
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Therefore, when the difference signal Sy has a positive val ue, the

crosstalk fromthe first track 3702 is greater than that fromthe
third track 3703. In this case, it is neant that the radial tilt is
bi ased to a dl,w;)cg7 30 - in which a portion optical pi ckup!H,Hr'h;! .,’mg%
| ocated on the hgebs - 46 -
97/ 26651 PCT/ JP96/ 00048 i nner
circunference side closes to the di sk 3800. Hereinafter, this
direction is referred to as a "negative tilting direction.”
On the other hand, when the difference si gnaI°Sy 5 +Ras a negative val ue,
t he crosstalkfromtheflrst track w -:\r
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3702 is smaller than that fromthe third track 3703. In this case, it
Is meant that the radial tilt is biased to a direction in which a
portion of the optical pickup unit 3801 on the outer circunference
side closes to the disk 10 3800. Hereinafter, this directy '

referred to aV@9726651 - ositive tilting direction.” ‘wcHipbdioonss
Furt hernore, when the difference signal Sy has zero value, it is
meant that the crosstalk to the second track 3701 fromthe both

nei ghboring tracks 3702 and 3703 15 are the same. It is to be noted
that this positio&;:? r11() optimum position at which the radial tilt
shows t he snel [‘edt . For all the practical purpose,
when t he difference signal Sy is within an allowable range, it is 20
judged as the current position is the opUbnqu{adial tift - posi tion.
However, the gain of crgsst ponent | ! ;

of the pit pattern for
conponents fromthe tracks

t he crosstal k

3702 andd erent gains,

causi ng the conpari sonMd jhe coeypar at| :?g{) Qer. For
conpensating such gain dj fferenge betwsa 7 crosstal k
conponents, the amplifier 3812-L%-pravided. Lor e-the-conpar at or
3807, as described in the abqve‘.-“““-?“?-=-ag? on Dacgor of the

67 RADIAL TILT
ADJUSTER

#1

MOVING OPTICAL HEAD BELOW THE
CALIBRATION DATE AREA
TRANSFERRING THE START COMMAND
SIGNAL Sc TO RADIAL TILT EVALUATOR
#5 || EVALUATING THE RADIAL TILT AMOUNT ||
#7 SETTING THE OPTICAL HEAD AT

THE OPTIMUM POSITION
( eno )

9/33
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- 47 - WD 97/ 26651.

PCT/ JP96/ 00048 _ anplifier 3812 can be determ ned based on the pit
pattern frequenci es. The radial tilt calibrator 3808

I s connected t t he conparator 3807 for receiving the dif

signal Sy 5 96't 2P om t o produce the radial tilt conpensat irgﬁ‘m
St2 based on the signal Sy. An address reader 3810 is
connected to the preanplifier 3802 for receiving the reproduction

si gnal therefromto produce an address signal indicative of the 10
address at which the radial tilt is currently eval uated, and.is
further connected tg:zggtzzgial tilt controller 3811 for transferring
t he address signal #h ! :

1033



Referring to Fig. 38, the operatibn for calibrating the radial tilt
performed by the optical disk 15 apparatus of Fig. 37 is shown.

Herei nafter, the operation of the optical disk apparatus with the
optical di sk having two calibration data areas, as Q in
Fi g. IC 1Is ggSCI’I bed. The operation with the optical d%‘ﬁw
having a single calibration data area is sinple, and very 20 simlar to
those of Fig. 11 is onmtted for the sake of brevity. .

First of all when the optical disk 3800 of Fig. 37 is set in the
optical disk apparatus of Fi g 31, the radial tilt calibration
routine starts as foll ows. E 1 t step S200, the optical

pi ckup 3801 reads the second C lgr'a n data track 3701 of the first
cal i bration data track area 23 fornmed in the inner circunference of

t he di sk 3800 to reproduce a signal therefrom Then, the procedure
advances to step S202. - 48 -

( ST?RTj

S100 | SET THE RADIAL TILT
ADJUSTER AT THE
INITIAL POSITION
l

S102| STORES Sj0 AND Sa0

l
S104] INCLINE THE OPTICAL |

PICKUP BY— At
| [
S108| STORES Sj1 AND Saf
S108
. YES i1—Si0 S110
S|1=Sj0 7 _ ssé:-»gla A
NO

S112{ INCLINE THE OPTICAL <
PICKUP BY + At

S114| STORES Sji AND Sail

SYES Sj1—Sjo |S118
- Sa1—Sa0

NO

$120| TRANSFERRING Sa TO
THE CONTROLLER

(Cew )

11/33
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At step S202, it is judged whether the difference ' signal Sy is within
a range from-[err] to [err], or not. "[err]" is a pr edet er mi ned

val ue defining wabl e range for the optrnunrradr

position, and P?ﬁﬁﬁgkgrably 2 Db. Wen 5 It is judged " NK#C&hhgﬁmuﬁ
that the current radial tilt is over the allowable range, the
procedure advances to step S204. At step S204, it is
j udged whet her the difference Si ghe has a posit eizf or not.
Wien it is judged 10 "YES', meaning tﬁiﬂﬂ'ﬁe nadi al ti l!gé rently

bi ased to t he negative drrectron e procedure advances to step
S206. o e S e S e e 801 is

tilt by a predeternrﬁ%ﬂ b | returns to
step S202. ajl step S204,

nmeani ng that the radial

#13| TRANSFERRING THE START COMMAND "

SIGNAL Sc1 TO RADIAL TILT EVALUATOR

o—
e - t—

#15| EVALUATING THE RADIAL TILT AMOUNT
WITH RESPECT TO THE FIRST

CALIBRATION DATA AREA

———

17 STORING THE FIRST OPTIMUM

L TILTING=£‘NGLE SIGNAL St

e S ———l

F19 MOVING OPTICAL HEAD BELOW THE

SECOND CALIBRATION DATE AREA

#21

TRANSFERRING THE START COMMAND
SIGNAL Sc2 TO RADIAL TILT EVALUATOR

#23[[ EVALUATING THE RADIAL TILT AMOUNT

WITH RESPECT TO THE SECOND
- CALIBRATION DATA AREA

#25 STORING THE SECOND OPTIMUM

TILTING ANGLE SIGNAL S2

h

#27 DYNAMICALLY SETTING THE

OPTICAL HEAD AT THE OPTIMUM
POSITION WITH
RESPECT TO THE RADIAL POSITION OF
THE OPTICAL HEAD




- positive direction, then the procedure advances to step S208. 20

At -step S208, the optical pickup unit 3801 is tilt by a
predeterm ned anmount -[err]t, and then the procedure returns to step
S202. This | o9 ps S202, S204, S206, and S208 is t ntil
when- it is jud@ggt'?ﬁéf t he current radial tilt is wthi ks?'ﬁém

al l owabl e range at step 25 S202. - When it is judged
"YES' at step S202, the procedure advances to step S210. _

At step S210, the current tilting angle and address are stored as a

first tilting angle signal S[err] and " : -

o Fig.15

>
~ 82 __________________________
2 e
: Sy
o ./\':—-\7301
— ' '
E ’_/: :
E sif---e— : :
§ : ; ran
L3 X L4
Dr
address
23 24
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\
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- Fig.17
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WD 97/ 26651 PCT/ JP96/ 00048 a
first address signal Sal. Then, the procedure advances to step S210.

At step S212, the optical pickup 3801 reads the second calibration
data track 37Q1 of the second 5 calibration data track area 23 forned in
t he outer WOSR2%5ht er ence of the disk 3800 to reproduce a 0048
therefrom Then, the procedure advances to step S214. At
step S214, it is judged whether the difference si gnal Sy is wthin a
range from-[err] to [err], or not. When it 10 is judged "NO', the
procedure advances St gpmo21 At step S216, it is judged
whet her the differ %85 Si gnal Sy has 28 positive val ue not. Wen it
is judged YES the procedure—advaﬁtés—fe—sfep S218, ereat the

optical pickup unit 3801 is tip—by praﬁe;e&rrﬂedTannuql i5 At, and
then the procedure returns to step 5214 ! However, when it
is judged "NO' at step S216, “{hen tihe pr'cedu'e advances to step
S220, whereat the optical pickup urit 38p1 islttil tloy2h predeterm ned

anount -[err]t, and it he Eroce ure returnT to gtep S214. 20
step S21+ '

Wien it is judged "YES' at St SP | S11T

- ——— - cat— '

—— L o




procedure advances to-step S222, whereat the current - tilting angle

and address are stored as a second tilting . angle signal S[err]2 and a
second address signal Sa2. Then, the procedure term nates. 25

Si xt h enbodi ne Referring to Fig. 39, a further exanpl e
of the op |cai dlsk simlar to that of Fig. 1Cis show®' smmug
Simlarly, the optical dISk 1501 a data recording area 1502, a first
calibration data area C3 formed in a lead-in 30 area thereof, and a

second calibration data area C4. Note -

50 - P ”

PCT/ JP96/ 00048 '
o 24
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Fig.22 o’ 2
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that these area 1502, C3, and C4 correspond those 2, 3, and 4 of Fig.

1C, respectively. Although the optical disk 1501 havi ng two
calibration data areas C3 and C4 is described with reference to Fig.
39, the present invention.can be 5 applied to such an opti "&i@&
havi ng only oM@ VM at i on data area forned therein. ﬂﬁﬂ B
Each of first and second calibration data areas C3 and 4 is divided
into plural sectors. For exanple, the first calibration data area C3

is divided into four sectors 10 1507, 1288, 1509, and 1512 at a suitable
division rate. In[} her words, the—eslibrali on datasatea C3 can be
kel - ¢

equal ly or di vi : ors. For the sake
of better recognition, here thoge di ideE secdorsllSO?,ﬁ" 1508, 1509,

and 1510 are defined as first, &econd, third, 15 anc fourth inner
calibration sectors, respectively. . EacR_irger calibration
sector is further divided 20 intoitwoiportiions, the first portion is a
data area for recordi ngTajcal i g | ogpddtgr land the second portion is
an address area for recorging an a¢gdress | nfiformati on such as 20
sector address and track addresi t herjeof Spicifically, t he inner
calibration sectors 1507 includes a fiirst inner address area 1507a
and a first inner data area 150%b. Tne t her inneL calibration
sectors 1508, 1509, and 1510 : i icl ude :egorld i nneér address area
1508a and a second 25 inner data a , ; T i nner address area

1509a and _ 39 33 34

Fig.25

16/33



a third inner data area 1509b, and a fourth inner address area 1510a

and a fourth inner data area 1510b, respectively.

Simlarly, the second calibration data area C4 30 al so includes first,
second, third, rth outer - -
PN PCT/ 1P06/ 0004 S CTAFSHbOGS
calibration sectors 1503, 1504, 1505, and 1506. Furt hernore, these

i nner calibration sectors 1503, 1504, © 1505, an 1506 includes a first
outer address area 1503a and a first outer data area 1503b, a second

outer address area 5 F'JI 42?hd a second ter data area 1504b, a third
out er zj' 23 /24
r N

2 i

—~ 21
[}\~, 22

20

0 I

8t MO O

{ VD‘_'
, N
32 34
1 23
Fig.28 P 2
. R “'\ ',
_
| SR{SP | SR
AN G
- ;)
- 32 33 34
Fig.29
S11T 23 S11T 24
- /
) T
20 ;. LA e 21
SR |

17/33



address area 1505a and a third data area 1505b, and a fourth outer
address area 1506a and a fourth outer data area 1506b.

It seens that the each of divided sectors of the 10 first calibration
data area C3 is in alignment with correspondi ng di vi de of

t he second calWBPHIG63h data areas C4 with respect to tﬂ’gw

di rection. However, each of calibration data areas C3 and C4 can be
divided into different nunber of portions and at any 15 sui tabl e
division rate, as described in the above. Therefore, those sectors
are not required to be arranged in a predeterm ned position relative
to the others. Wth reference to Figs. 40A and 40B, the
calibration signals recorded to each of the inner data 20 areas 1507b,
1508b, 1509b, and 1510b and the outer data areas 1503b, 1504b, 1505b,
and 1506b are descgpﬂ?j.égcy) different calibration signals are
recorded to alterndt g sectors. In Fig. 40A, one
exanple of the first and third 25 inn data sectors 1507b and 1509b
(1503b and 1505b), for Stdiipl e, ig%ghown.smﬁabks 542, 5101, and
5103 correspond the first, seco and thir/d datasttacks 32, 33, and
34 of Fig. 4. The first frack 510 S|rec
periodical signal having a pit pattigrn $104: spomdi ng 30 to the
third pit pattern 3704 of Fig. |36. \[The sec?nd nd

20 . :

howy,

Fig.32
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¢
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ADJUSTER
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PCT/ JP96/ 00048 third tracks 5101 and 5103 are not recorded, as
best shown in Fig. 40A In Fig. 40B, one exanpl e of

t he second and fourth . inner data sectors 1508b and 1519§W8and
1506b) , for WOST268inple, is shown. Tracks 5106, 5105, and

correspond the first, second, and third data tracks 32, 33, and 34 of
Fig. 4. The first and second data tracks 5106 and 5105 are not

recorded. However, theathird tracg 5107 is recorded Wi th thegfirst

peri odi cal signal havi a pit pa‘()t erg 5108 10 coby espondi ng td>t he
third pit pattern 3704 o 36. 4
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Referring to Fig. 41, an optical disk apparatus according to the

si xth enbodi ment of the present invention is shown. The optical disk
apparatus P6 includes an - optical pickup unit 5201 for inpinging a

| aser beamto an 15 optiical di'sk 1501 for recording the inﬁg@ béids
thereto and WO9R8¥, oducing the information therefrom A ra lml t
adjusting unit 5211, corresponding to the radial tilt adj uster 67 and
the tilting unit 60 of Fig. 8, is provided for adjusting the tilting
position of the optical pickup 20 unit 5201. A radi a
tilt controller 5212 is connected to the radial tilt adjusting unit
5211 for transferHrFr eéisfial tilt adjuster control signal Stl

t her et o. . adial tilt evaluator 5210 is connected to the
25 radial tilt controller 5212 for receiving the start command

signal sc therefrom and is furth he radi al tilt

adjusting unit 5211 for transferting the &adial ti conpensati on
signal St2 thereto. ' A preanplifier 5 IS connected to
the optical 30 pi ckup it 5201 for infreasing the a i tude of the
si gnal -153 - '
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WO 97/ 26651
repr oduced fromthe optical

signal. This reproduction signal varies

pits fornmed in
A band filter
preanplifier 5202 for
When the band filter

Sl

ordi ng

5202

track of the optical
ing a frequency of fl is
receiving the

PCT/ JP96/ 00048

di sk 523800, and produces a

repr oducti on

according to the | engths of

bonnent SRCHaPasiuses

reproduction signal therefrom
is set to have a let-through frequency of

fl1=1/22Tw, cr@@stal k congpnent fromthe first track 5102 (Fig.
40A) of 10 the first and.gRFrd tawvsectors 1507b and 1509b or the
third track 5107 (Fig. 40B) oM the fecdad gﬁf fourth g§ta ctors
1508b and 1510b is passed tEough t"gigher ith the mai n c§§ponent of
t he signal reproduced fron1¢ﬁe sec{ﬁd ; trachq@&ﬁé%F%g— 40f—or—5105
(Fig. 40B). — o 2 Ora
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15 A detector 5205 is connected to the band filter 5204

for converting the reproduced signal passed t her et hrough t he band
filter 3803 a voltage. An address reader 5203 is connected
to the P gp%%gier 5202 for reading the address information from 20
the anplified reproduced signal to produce a sw tching A

The radial tilt controller 5212 is further connected to the address
reader 5203 for receiving the swi t chi ng signal Sw. 25 A
sel ect switch 5206 haV|§p one inpuf port and eg output pogt is

provi ded, and is operat si gnal &o selectlusly connect

d,hxysn CQ@Rt r o
ei ther one of two output poEZs tQ t i nput porg Thi s |npgt port is

connected to the det extor fogr ei Vi pg—the—conver treg2vot-hage 30
t herefrom One of two out p(-Bt pdtﬁ:_'i s_jo nect ed tga first
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PCT/ JP96/ 00048 WD 97/ 26651 sanpl e hol der 5207, and the other

is connected to a second sanpl e hol der 5208. A
conpar at or 5209 having two input termnals connected to the first
sanpl e hol der 5207 and the second 5 sanpl e hol der 5208 forr ﬁ@? 'Qg
thus hel d cros¥P3T/eest conponents from the nei ghboring tracks and
5107. The conparat or 5209 detects a difference between these two
vol tages and produce the difference signal Sy. Note that this
di fference signal Sy represents the difference between 10 two crosstal k
conponents fromthe first or third and second or fourth sectors.
The radial tilt evaluator 5210 is further connected to the conparator
5209 for receiving the di fference signal Sy. 15
Referring to Fig. 42, the flow chart for the operation of thus
constfucted optical disk P6 is shown. The outline of the
operation is briefly descri o bel ow. In the optica
pi ckup 5301 first access to the 20 secoQQ track of first sector 1507,
for exanple, to A
4 )
Tp
) 10T
11Tw J W
. 20Tw
22Tw -X—L ~3704 ;| 3705 | forw
11Tw:
J [
/ ( ( / (-
] 1 1 Y 1
/ / / /
20 3702 3701 3703 21
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reproduce therefrom The preanplifier 5202 anplifies the

reproduction signal fromthe optical pickup 5301 and
anplified reproduction signal to both the
band filter 5204, 2

I nformation fr 9?? laddress area (1507a) of the sector

whi ch the optical pickup 5301 is currently
detected current sector address,

t he addr ess reader

transfers thus
5203 and the

qq%ﬁggﬁyagdress
o]

accessi ng. Based on thus
1507 further

addr ess reader
The address reader 5203 re

produces either one of two 30 swi t chi ng si gna or._Sw2
Speci fical Iy, when theadd V\097/26651>
PCT/ JP96/ 00048 ' unbered sector .ctedcolndlcatlng t hat the
first sector 1707 or\;the third sect®@~\1#09\is currently acdessed,
the first switching signal™Swl is producgﬁ V%en t he even nunber ed
sector is detected, indicating that the sefohd
o —
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5 sector 1708 or the fourth sector 1710 is currently accessed, the
second switching signal Sw2 is produced. The band filter
5204 is set to have a |let-through frequency of fl=1/22Tw, so that the
crosstalk co - fromthe first track 5102 of the fidSipoddbged Ni rd
sectors 10 WR%Sggkgﬂd 1509 and fromthe third track 5107 of the second

and fourth sectors 1508 and 1510 pass through to the det ect or 5205.
The detector 5205 converts these crosstalk conmponents into voltages,
respectively. On receipt of the first signal Swl, the
selector 15 swi tch connect.s the detector 5205 to the first sanple

hol der 5207 so that crosstal k voltages fromthe odd Jjumbered (first
and third) sectors (1507 and 1509) are transferref%tBﬁfi r st
sanpl e hol der 5207. On r ' the first signa , the sel ector

swi tch connects the 20 deSFARF 5205 to the sanple hol der 5208 so that
crosstal k vol t ages n nunbered (second and fourth) sectors

(1508 and 1510) a nsfterred—tp-tiie3econd sanpl e hol der 5210.

As a result, the $2D?[ E@QFRFI"-E’"P@ lESr*“??ﬁC? hol ds 25 the crosstal k
conponent only from t HEalbration: data Aréadnt i al tracks corresponding to
the first calibration datatTra of Fia. 4, The second sanple
hol der 5208 hol ds the onent only fromthe outer
circunferential

track 33 30 of Fig.

S206 S208

Tilt the optical Tilt the optical
pickup by-+ At pickup by— At

| |
S210| Store S81 and Sal
] )
S212 Reproducing the
second calibration
dat_a area
NO
S216 ,
YES Sy%EEz::::=i!2___
' YES
S218 S220
Tilt the optical Tilt the optical
pickup by-+ At pickup by— At
L l

5222 [Sfore S62 and Sa2

(Er\IID) ............ ]
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- 56 - WD 97/ 26651
PCT/ JP96/ 00048 Therefore, the conparator 5209
conpares the crosstal k conponents fromfirst and third calibration-

dat a tr ’2%?5 and 34, and produces the difference sig
Hereafter, theagggﬁa ﬂon Is quite simlar to those 5 perf@%#ggxﬁvm?he
optical disk apparatus P5 described with reference to Figs. 37 and

38, and is onmtted for the sake of brevity. As
described in the above, since both the first

Fig.39
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and third tracks 32 and 34 are recorded with the pit 10 pattern, the
calibration data can be reproduced fromthe second track 33
according to the three-beamtracking nmet hod.

Furt hernore, t d track 34 is recorded with t he ' 1.on
data si gnal ha\%\g a rrequency to, and the 15 first and tﬁﬁm{mgs 32
and 34 are recorded with the cali bration data signal having a
frequency t2, wherein tO=1 and tO=n tl ("n" is an integer). As a
result, the crosstal k conponent fromthe first and third tracks (32)
and (34) can be cleaply detected free fromthe influence of 20 - the
signal reproduced frﬁé@?. nd track (33).

Additionally, Since th® signal. haqu& a redet i.hed frequency
corresponding to a byte-unit in the) 2 cﬁl}@ syste 1;6'; recorded to the
second track (32), the cali ol dat a aref (23) cagbe formeg with a

sinple 25 format. It.iisth ed thaf 68 TW¢c rrespondsito4

bytes of a data system wk he 0 | ati on process. Sevent h
embodi nent !EBTtW dar r ga%ﬁo Fig. 43, dn opticalldisk
appar at us accordi hg |t d1TMe Iselent h ehbodi ment lof the prksent 30

invention, used for formin “brationl data tradk area
I

-
N/

Fig.408B.
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- 57 - WD 97/ 26651

PCT/ JP96/ 00048 23 on the optical disk 1, is shown. The opti cal
di sk apparatus P7 according to this enbodi nent has a
construction s} gFiS o those of Figs. 8, 31, 34, and 35 Vﬁ'f}t
different in ts%gg% Iowi ng points relating to recording 5 ' #’m
predeterm ned calibration data to each of data track of the
calibration data track area 23. Herebelow, only the portion essenti al
to form ng the calibration data track area 23 sc+-bed, and
ot her parts simlar or conmon wi th those_of Fipgs. , and 35
are omtted in Fig. 10 43 for the sake of Vit The
opti cal disk apparatus P7 includes the %
l !
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optical pickup unit 122 including the | aser diode 123 and the pin
phot o di ode 1241 for recordi ng and reproduci ng the I nformation to and
fromthe optical disk 1. The 15 transporter 58 is provided for noving

t he optical pi unit 122 for scanning the recording med
on the d%b?@%?ﬁhisk 1. Thus, the optical pickup unit 12§&i

transport 58 construct an optical pickup system Gs. From t he
preanplifier 125 connected to the optical pickup unit 20 122, the focus
error signal Sfe is transferred to a focus servo circuit 200. The
focus servo circuit 200 produces a focus driving signal Sfd for
driving a focus controlling system (not shown) incorporated in the
optical pickup unit Os. Note that the focus seergg 042 200
corresponds to 25 the focus _servo circuit 100 of Fig. .

A calibration data recording troller 210 produces a transporter
driving signal Std for controll]i ng of the novenent of the optical

& <l

pi ckup unit, and { conmrected—to—the transport 58 for transferring
the signal 30 %ﬁgotﬁEREQc&c'%éh@aﬂ"ﬁbrati-on data recording controller 210
. 58 - - calibration data area

S306 : S308

Tilt the optical Tilt the optical
pickup by+ At | | pickup by— At

S310{ Store S61 and Sal
|

S312 Reproducing the
second calibration
data area

S318 S§320

Tilt the optical Tilt the optical
pickup by At pickup by— At

S5322| store S82 and Sa2

— e
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further produces a calibration data selection signal Src I ndi cative
of the calibration data to be recorded in the calibration data track
area 23. A cal i bration data generator 220 hayi
plurality of s%?%’d’é Ssuch as ROMs for stori ng pit pattern wﬂ'ﬂi@
corresponding to each of calibration data which are previ ously
described with reference to acconpanyi ng figures. Note only three
ROMs 300, 310, and 320, are shown in Fig. 43 for the sake of brevity,
but not limted three. 10 The calibration data generator 220
I s connected to the calibration data recording controller 210 for
receiving the cali b€&ion data signal Src. Based on the calibration
data signal Src, th®&jcalibration data generator 220 sel ects specific
ROVE storing the piteRattern data 15 I ndi cated by the signg Src from
ROVs 300, 320, 320,3;=81d so o on. From theselgel ected spec®ic ROVs, the
correspondi ng LL 4 S
o o
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pit pattern data are read out in a predeterm ned order and timng for
writing to the corresponding data tracks 32, 33, and 34 of the area

223 based on the calibration signal

Src. 20 A laser diode

driving circui L& connected to the calibration dat ﬁgﬁh@ r.
220 for receiv?ﬁg t‘gﬁpit pattern data thus readout fro%?géc OP&
correspondi ng ROMVS and produce a | aser diode driving signal S[err]d
for controlling the | aser diode 123 of the optical pickup unit 25
Cs (122). The laser diode driving circuit 240 is further connect ed

to the laser diode 123 for transferring the | aser’ di ode driving

signal Std . thereto. g=s

Src, the opt i,c:a(gpM_Jp uni t
recording tracks 32, 33, and 34 of
- §o -

Thus, based on the signals Std and
OCs is controlled to record each of 30
the calibration data

|
,—Ax ’
. f g
L ] ]
’ﬁ'o’ .~LR
Md"\.a .
or
Os
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area 223 with the predeterm ned calibration data represented by
predeterm ned pit patterns. As described in t he above, the sizes of
pit marks and Qjt es are determned with respect to th t_sjze
Ls of the |ase§K§” eam i npi nged thereto for reproducing siéﬁip;a&mma
therefrom However, it is needless to say that the sizes of pit marks
and pit spaces can be determ ned with respect the spot size (Ls) of
the | aser beaminpinged thereto for recording pit mar ks thereto. 10
Al t hough the present invention has been fully descri bed in connection
with the preferred enbodi nents thereof with reference to the
acconpanyi ng drawings, it is to be noted that various changes and
nodi fications are apparent to those skilled in the art. Such changes
and 15 nndificat?ﬁngbq* to be understood as included within the

scope of the presen entM on as defined by the appended cl ai ns

unl ess _they depart therefrom I ndustrial Applicability

The prevent invention can be applicable for 20 reproduci ng the digital
information fromthe optical disk beari.ng digital information even
when such optical disk physically deflect or distort due to the
gravity, and when

20
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such disk is not set the optical disk apparatus with di mensi onal

incorrectness. Furthernore, the electrical 25 propensity peculiar to
the circuits used in the optical di sk appar at us.

Thus, the manufacturer can-ship the optical disk with the calibration
patters recor d®P Y8%™Me calibration record area of the BFERPISMS sor
can conpensates for the 30 distortion such as radial tilt, tangenti al
tilt, and 5 - 60 - WD 97/ 26651
PCT/ J96/ 00048 el ectric propensity affecting the reproductivity of

t he digital signal by using the optical disk apparatus

incorporated with the calibration nechani smaccording to

8105
¢

RADIAL TILT
CONTROLLER

LIFIER

8101

o“]
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O

R

s10a—lf ) S PREAMP
(o]

s106”
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the present invent. 5 g Still furthernore, gahe user can record
*t’heé eakrbfa%roﬁ*pgpkern to the recordable type of pthéal dISK
>for the first time to use that disk by usihg'the: reoordab}e’ > TIypk of

.optical, ‘}Hﬁmmﬁ‘ﬁiﬂ“c cording to the present o ny@ntTon.

1. An optical disk apparatus (P7) for reproducing a

CLAIMS

signal (Sd) from a recording track formed in an optical

S disk (1) by focusing a light spot (Ls) on said recording
track, said apparatus comprising:

a first pattern generator means (ROM) for generatlng

a first repetitive pattern (SP) for causing said reproduced

signal (Sd) to jitter said first repetitive pattern having

10 a fundamental unit which consists of:

a first mark (3204) or space (3203) greater in
length than said light spot (Ls) provided on an
alignment line extending along said recording
track (33); |

15 a second mark (3206) or space (3201) greater in
length than said light spot.(Ls) and provided on
said alignment line apart from said first mark
(3204) or space (3203); and,

a third space (3205) or mark (3202),

20 respectively, smaller in length than the light
spot (Ls) provided on said alignment line and
interposed between said first and second marks
(3204,3206) or spaceS'(3203,3201); and,

a writing means (122) for writing said first pattern

25 (SP) to a first recording track (33) of said optical disk

(1)." . -

2. An optical disk apparatus (P7) as claimed in claim 1,
wherein the fundamental unit of said first repetitive
pattern (SP) written in said first recording track (33)

30 ' consists of: _

a first mark (3204) greater in length than said light
spot (Ls) and provided on an alignment line extending along
said recording track (33);

a second mark (3206) greater in length than said light

35 spot kLs) and provided on said alignment line apart from

said first mark (3204);

THIS SHEET HAS BEEN
REPLACED
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a first space (3205) smaller in length than the light

spot (Ls), provided on said alignment line and interposed
between said first and second marks (3204,3206);

a second space (3203) greater in length than said
light spot (Ls) and provided on said alignment line;

a third space (3201) greater in length than said light
spot (Ls) and provided on said alignment line apart from
said second space (3203); and,

a third mark (3202) smaller in length than the light
spot (Ls), provided on said alignment line and interposed
between said second and third spaces (3203,3201). '
3. An optical disk apparatus (P7) as claimed in claim 1
or 2, further comprising a second pattern generator means
(ROM) for generating a second predetermined pattern (SR),
said writing means (122) writing said second pattern (SR)
to second and third recording tracks (32 and 34) each
provided on the opposite sides of said first recording
track (33) for causing crosstalk in said signal (Sd)
reproduced from said first recording track (33) with
signals (Sd) reproduced from said second and third
recording tracks (32 and 34).

4, An optical disk apparatus (P7) as claimed in claims 3
wherein said second and third tracks (32 and 34) comprise
pluralhmarks arranged at random.

5. An optical disk apparatus (P7) as claimed in claim 3.

or 4, wherein said first, second, and third tracks
(33,32,34) have the same track widths (T1).

6. . An optical disk apparatus (P7) as claimed in claim 3
or 4, wherein the track width (T2) said first track (33) is
smaller than the track width (T1) of said second and third
tracks (32,34).

7. An optical disk apparatus (P7) as claimed in claim 3

or 4,.wherein the track width (T1) of said first track (33)

is greater than the track width (T3) of said second and

third tracks (32,34). _
8. An optical disk apparatus (P4) as claimed in any one
of the preceding claims, further comprising:
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1. An optical disk apggatus (P7) for reproducing Th'ﬁké%
“froma recording track rmed in an optical 5 disk (a, , m m

| ight spot.(Ls). on said recording tratk, sakd appajaxus

.a first, pattern generator neans (ROV for gemerating'

repetltlve pattern (SP) for causing said 3eproduced S|gnal (Sd) to
jitter said first repetitive pattern having 10 a fundamental unit. which
consi sts of: anf ppsicabr pi¢Bip4heanssase €6203mpgngéngrsadd

| ength than s | S (LS) o4 A3t Jiigne
ext endi ng al oﬂ'gslgl %gcgﬂé) & séﬁ.c?‘é‘e%‘iﬂ%ﬁgﬁ“?:(r?ﬁk fcg P g‘agecorc\1
mar k (3206) oslgpaée(ééiotﬁegeéap@w in | ength than said |ight
spot (Ls) and prOVIad%ﬁ.La@uhng posmloﬁabene&bqnmeahsl (A2 03P &bk fc&ﬁe@gaaigd
first mark (32 or space Space

(3205)  ®r #ﬁwsmesmt igp of sai é?s’rt}“é&a}%ve?’;/ck%?m‘r‘?%?s rﬁoﬁg &’b’hathan
the Iight predete&ﬂgheaLghtahQV|ded on said alignnment |ine and
I nt er posed bet ween salgtelrst and second nmarks 3206)

3204
spaces (3203, 3201) & r amoun me&%)d’ﬁlﬂgnﬁ‘eﬁé‘éné"‘ﬂzﬁ?rf era%‘\}‘ﬁrf%gthseal d
first patternjdfter(ise) amoumtfi(Ssjt) riecarltd ngi¢gmatk (§83) repredudedptintai

gisk (1).Said ff%st é%c%%h&ﬁgltggﬁk qggggatus (P7) as clainmed in claim
10 "a minimum jitter position detection means (120) for
detecting a minimum jitter tracking position at which said
measured jittering.amount (8j) is minimum; and
a tracking control means (130) for controlling said
tracking position control means (140) to set said optical
15 pickup means (Os) at said detected minimum jitter tracking
position.
S. An optical disk apparatus (Pl1) for reproducing a
signal (Sd) from a recording track (2 and 33) formed in an
optical disk (1) recorded with a predetermined repetitive
20 pattern (SP) to said recording track (2 and 33) for causing
the signal (Sd) reproduced therefrom to jitter, said
repetitive pattern having a fundamental unit which consists
of: . o o
a first mark (3204) or space (3203) greater in length
25 than said light spot (Ls) provided on an alignment llne
extendlng along said recording track (33);
a second mark (3206) or space (3201) greater in length
than said light spot (Ls) and provided on said alignment
line apart from said first mark (3204) or space (3203);
30 and, : -
a third space (3205) or mark (3202), respectively,
smaller in length than the light spot (Ls) provided on said
alignment line and interposed between said first and second
marks (3204,3206) or spaces (3203,3201), said apparatus
35 (P1) comprising:
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wher-ei n t he fundanent unit of said first repetitive . pattern (SP)
‘witten in said first cordi ng track (33 bs cn‘htssneetHasBeen Tlaccd

)
first mark.(3204).greater in length than sald Ilght E
_provi déd ‘on an alignment 1ine extending al ong sald rec

(33); a second mark (3206) greatger in Iength t han said

spot (Ls) -and provided on said alignnent |ine apart from sald flrst
mark (3204); an optical pickup means (Os) forg3impinging a 3ightst
space (3205) ?Hﬁl—_' erLky I egat Qa&&a”réQSrgiﬂgfe trackSP?% (bak BBV ¢eg on

sai d alignnen I'ne and inter sald first and second marks
(3204, 3206) ; reproducing §ééén§lgpaee(§QQOB¥GE¢5§P@F in length than said 5

l'ight spot (Ls) ang EEQ%&H@dm@Qn§aK50§|Egﬂnﬁﬂlthhgesald o tlcalaghbkm@
space (3201) greater |n | ength than said g i spot Ls) an ro%fded
“on said aPi gnREARS| (B8) AR PFPSﬁltermln?Ql ang ‘Eoffﬁit)sp‘arb@ A I?I\ﬁ“&‘
athird mark g32@2rissagller in length than the Iight
a jitter amount measuring means (41) for measuring the

jittering amount (Sj) in the signal (Sd) reproduced from
said recording track (33); '

10 '~ a minimum jitter angle detection means (50) for
detecting a minimum jitter angle (fa) at which said
measured jittering amount (Sj) is minimum; and

a tilting control means (54 and 67) for control said
tilting means (60) to tilt said optical pickup means (Os)

15 at said detected minimum jitter angle (fa).

10. An optical disk apparatus (P3) for reproducing a
signal (8d) from a recording track (2 and 33) formed in an
optical disk (1) recorded with a predetermined repetitive
pattern (SP) to said recording track (2 and 33)'for causing

20 the signal (Sd) reproduced therefrom to Jjitter, the
predetermined repetitive pattern having a fundamental unit -
which consists of:

a first mark (3204) or space (3203) greater in length
than said light spot (Ls) provided on an alignment line

25 extending along said recording track (33); :

" a second mark (3206) or space (3201) greater in length
than said light spbt (Ls) and provided on said alignment
line apart from said first mark (3204) or space (3203);
and,

30 _ a third space (3205) or mark (3202),Ire5pectively,

‘smaller in length than the light spot (Ls) provided on said
alignment line and interposed between said first and second
marks (3204,3206) or spaces (3203,3201), said apparatus
(P3) comprising: ' '

35 an optical pickup means (Os) for impinging said llght
spot (Ls) to said recording track (2 and 33) for

- reproducing said signal (Sd) therefrom;.

. | o | TAIS SHEET HAS BEEN
01T REPLACED

- -
A [l bt




"10 "spot (Ls), providgs on said alignment |ine and | rposed bet ween

!said second and .third ces (3203,3201). . = 3. tlcélhlsShe&I{-IasBeenRe laced
apparatus, (P7) as claimed in claiml or 2, furtahe:r*corrpr

patterr generator neans (ROM for generating-a second pr

pattern (SR), 15 said witing neans (12%) witing said secon er

(SR to second and third recording tracks (32 and 34) each

provi ded on the opposfoeusi gpesitfionaiabritral meansdlﬁgl-O) forr &thar(ssia')g'for'

acording {7 ade RSt Sy e e O oRreRiR heeR0 Rel.

second and mwtemlﬂ@cmlm tracks (32 and 34). 4. ' An opti cal
di sk apparatus (P7)y 33 t&led Hﬁguhﬂ e £ B iy meanéfmlierl Bogahdasesong wwel
third tracks (32 and, "34) conpri EBI EI ur al ks rran ed&a (ﬁnglom 25
5. An opBi cald i 8 HihA1R 3) aknc BFm?EIgF‘Pr Feproayned IR ein

sald first, sesomd, ff&gttfﬁddidﬂﬁyﬂﬁiack (3333, 32 34) have the same track
s (T ne o i 2P kAR S 58 Bhahgts) chatm S
than the trackietelttindg s mihigand jsetendfandsihgrgositionratkehicke said
(e (7ath AR AP Gl R d 2 g o7 8 e
track widh (T3) ofa sfamulsSé@aﬁaoérme@rss (Jtchq)r orr gersre32 ing) said fogus pp
optical disk appaieiss E6ALrds mbahBed1i1b)ade 088t said optical pickup
means (0Os) at said detected minimum jitter focusing
position. '
11. An optical disk apparatus (P4) for reproducing a
15 signal (sd) from a recording track (2 and 33) formed in an
optical disk (1) recorded with a repetitive predetermined
pattern (SP) to said recording track (2 and 33) for causing
the signal (Sd) reproduced therefrom to jitter the
predetermined repetitive pattern having a fundamental unit
20 which consists of: '

' a first mark (3204) or space (3203) greater in length
than said light spot -(Ls] provided on an alignment line
extending along said recording track (33); )

a second mark (3206) or space (3201) greater in length
25  than said light spot (Ls) and provided on said alignment
line_apart from said first mark (3204) or space (3205);
and,
a third space (3205) or mark (3202), respectively,
smaller in length than the light spot (Ls) provided on said
30 alignment line and interposed between said first and second
marks (3204,3206) or spaces (3203,3201), gaid apparatus
(P3) comprising: '
an optical pickup'means (0Os) for impinging said light
spot (Ls) to said recording track for producing said signal
35 (sd) therefrom; '
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of the preceding clai nsmf urther ¢onprising:
64 ° an o cal pickup nmeans (Gs)
light spot (Ls) to said recording track for. produclng said,

f.or . i IMyis Shéetias Been Replaced
t.herefrany o a tracking position cohtrol -reans (140) “mummmw"

5 focusing position of said optical pickupgmeans (Os) by

predeterm ned pitch; a jitter anount measuring neans (41) for
measuring the Bl trackiggapbeitich) rohBrbliemeagsal(168d) foepictdinesithg rom

et ccti on moand SCEIOPSr BPoLELon gt maig, pThH i pret EEPECIOR B on

at which said predeneamuned pntchrlng anmount (Sj) is mninmun and

a tracking control zgétg;qgg %&#d-&gaﬁ i ds1) fol

control neans (140) t0 set sal up neans

@g%g Iﬁgqgﬁgon

det ect ed nBni mikttegiag tam@mtng( J> 1rpo%h¢|@hgnal (sd). reproduced from

said first recording track (33);

a minimum jitter position detection means (120) for

detecting a minimum jitter tracking position

at which said

measured jittering amount (Sj) is minimum; and
10 a tracking control means (130) for controlling said

tracking position control means (140) to set
pickup means (0Os) at said detected minimum ji
position.

said opticél
tter tracking

12. An optical disk apparatus (P1) accordlng to claim 9,

15 10 or 11 in which the fundamental unit of said repetitive

pattern consists of:

a first mark (3204) greater in length than said light.

spot (Ls) and provided on an alignmernt line extending along

said recording track (33);

20 a second mark (3206) greater in length than said light
spot (Ls) and provided on said allgnment line apart from

said first mark (3204);
a first space (3205) smaller in length t

han the light

spot_(Ls), provided on said alignment line and interposed
25 between said first and second marks (3204,3206);
"a second space (3203) greater in length than said
light spot (Ls) and provided on said alignment line;
a third space (3201) greater in length than said light
spot (Ls) and provided on said alignment line apart from

30 said second space (3203)} and,

a third mark (3202) smaller in length than the light
spot (Ls), provided on said alignment line and_intefposed
between said second and third spaces (3203,3201).

13. BAn optical disk apparatus (Pl) as claimed in claim 9,
35 10, 11 or 12, wherein said predetermined direction is a

radial direction with respect to said optical disk (1).
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d.” ‘An optical disk ap atus (P1) for repr oduci ng a’ ,i n (Sd)
froma recording track and 33) forned in an . op Bﬂchlmwd
recorded with a predeternined repetitive 20" pattern (SP) t u
recor di. ng track (2 and 33) for causing : the si gnal (’Sd)

therefromto jitter, said - ‘repetitive7pattern having a fundarrental unlt
whi ch consi sts of : a first mark (3204) or ace (3203)
greater in | eAdt-h 28 opthsalsdigk| apparapes (P2) @?d@l%@ﬁ?‘grﬂ-fmﬂeﬁi'@rﬁmnt

l'ine ext g d'QQLa&PngzsahﬂeEﬁiﬁr@dﬁatﬁfﬁﬂéﬂéﬁﬂlned dlrectlénsaﬁpﬁﬂ
mar k (3206) or space 01 reater i,n_length t han s d | i E S
st

(Ls) and provit@&@ Eﬁm%%tW1th ¥¢$E@%$aFF’f?om
(3204) or spa@pt(ﬁﬂlS)dls&O (1)and a third space (3205) or mark

(3202), spe vel r_in Ie th n.the light.

provi ded g ;tg A °§|tl§ﬁﬁvgﬁﬂ- E ?\Bp?;tﬁﬁ é‘?%gs‘é‘arb‘é?ﬁéﬁél% é %?l and
second merdd) 3264 xr8206iing spacksf@ﬁﬁéa 8204y, opaldahpinshlus)aﬁy
(PI) conpr|5|@%cu51ng a light spot (Ls) on said recording track, said

-apparatus comprising:
a first pattern generator means (ROM) for generating
10 a first repetitive pattern (SP) for causing said reproduced
~signal (8d) to jitter, said fifst repetitive pattern (SP)
having fundamental unit which consists of:
a first mark (3204) or space (3203) greater in
length than said.light spot (Ls) provided on an
15 alignment line extending along said recording.
track (33); |
a second mark (3206) or spate (3201) greater in
length than said light spot (Ls) and provided on
said alignment line apart from said first mark
20 (3204) or space (3203); and,
a third space (3205) or mark (3202),
respectively, smaller in length than the light
spot (Ls) provided on said alignment line and
interposéd between said first and second marks
25 (3204,3206) or spaces (3203,3201); and,
"a writing means (122) for writing said first pattern
(SP) to a first recording track (33) of said optical disk
(1).
16. An optical disk apparatus (P7) as claimedzin claim 15,
30 wherein the fundamental unit of said first pattern (SP)
written in said first recording track (33) consists of:
a first mark (3204) greater in length than said light
spot (Ls) and provided on an alignment line extending along
said recording track (33);
35 a second mark (3206) greater in length than said llght
spot (Ls) and provided on said alignment line apart from
said first mark (3204);

-
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65 - " an opti pi ckup means (Os) for inpingimay a 1ight spot
. A

(Ls) to said recording ack (2 and 33) for: - repr. ci. nqhgghgtﬁgsg R laced
(Sd) thergfrom - a tilting neans (60) for tilting s

pickup.- 5 neans (Gs) -by a predeternmined angle (At) in a r

di rection; a jitter anount rreasd?r'i ng neans (41) f

jittering. anount (SJ) In the signal Erodgcedfrom sald )
recording track (333;Eimst space {3gp Prrﬁﬁﬁjl greinahghgthdelanttlon hiche

(50) for  sgiste(téng ;&rcmméalrﬂriléatﬂi ﬂngjzﬁne(:{@rlr:]rea ﬁd%@&ﬁ@éé? o
tilting contr

d tt I
g:zgr ((3541 :inde%%?‘g?%?m%%nq (al')%%laﬁ{g secqqq t“?ar?ﬂ‘srre(eﬁ?so‘*( 6’030@0' tilt said
optical pi ckup meamns E6spnd5 spaate séd 2o 3et grre(adgm‘l mmunemgtgeitlﬁlml €aid
t P r. re cin
sr[grrg} iy d% fr A%’:%?dg % trac@%?@ %‘-’101?rdrnﬁc;l “geot tin %’pt I cal
di sk (1) recor ded v@«ttrhla’dpﬁﬁasteer(hﬁﬁbb geprter i lengthpahaaraai.sp.}lghtsal d
recording trackpde @ﬂgr3§ﬁdf9£oe§aéagen29aldt a3 g%ﬁ%ﬁ@ 1ief)apd APT poyged

therefrom to |ét Q%é redet erm ne etitive: pattern having a
fundanent al urfdid secepf FPa%hsiXA&3 lor ;and, a first mark (3204) or
space (3203) greates tiitd®ngdrk (3204)hamSRIk |ighterfp tme&i thVMQHtOH
an ali gnwt | I ne 2?Ls) expgn?onwgnj.é'ec’d al Onsga 'Sc?lacg.irger?rgerrgé nlglrger aa(.:rifd 1r:1312erposed
between said second and third spaces (3203, 3201)
17. 2n optical disk apparatus (P7) as claimed in claim 15
or 16, further comprising a second pattern generator means
(ROM) for generating a second predetermined pattern (SR),
15 said writing means (122) writing said second pattern (SR)
to second and third recording tracks (32 and 34) each
provided on the opposite sides of said first recording
track (33) for causing the crosstalk in said signal (Sd)
reproduced from said first recording track (33) with
20 signals (Sd) reproduced from said second and third
recording tracks (32 and 34). |
18. An optical disk (1) for use in an optical disk -
apparatus (Pl) reproducing a signal from a plurality of
recording tracks formed in said optical disk (1) -by
25 focusiﬁg a light spot (Ls) on said recording track, said
optical disk (1) comprising: | : )
a first recordlng track (2) for recordlng said signal
therein; and, .
a second recording track (3,23,33) having recorded
30 therein marks formed in a predetermined pattern (SP) for
causing a signal (sd) reproduced therefrom to jitter,
wherein the marks comprise a repetitive pattern (SP) the
fundamental unit of which consists of:
a first mark (3204) or space (3203) greater in length .
35 = than said light spot (Ls) provided on an alignment line
extending along said recording track (33);
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a second mar k
spot (Ls) and

mar k (3204). or space (3203); and, 30 a thlrd sp

mark (3202)

provi ded on said alignment |ine and it erposed between said flrst an

(3206) oigmspace (3201) greater in Iength t han sald Ilght
ﬁ said alignnent line ap aﬁfl;mﬂdhsﬁleetm laced
I

pr.ovi ded

respectively, smal ler in | ength.than fhe

second mar ks (3204, 3206) or spaces (3203,3201), said apparatus
(P3) conprising: 3% second BATEpi32eF) rﬂ%l@@ﬁ%dﬁ@oéﬁyrﬁ@ternpnn@m@tlsal d
l'i ght Spwmadlséldtlhgﬁﬁlﬁpoﬁe@ﬁéﬂ'Qﬁd brevh ded? ordhi BH1idRent

reproduci ng s
66

q’fegl: ng’lb‘bs?{-’%"é};sg‘gﬁt F&r%é??sﬂ% 113304 br CEhSRFGRy (3203) ;

I

focusing posi tamh, of said optical pickup nmeans (Gs) by a pr edet er m ned

pitch;.

[ f ' he 5
jittering 2amount (SA Eﬁﬁ?ﬁggg%ngﬁaz?’%; n#"eﬁ%ﬁﬁoé@%?&% ngg%é‘::ﬂgﬁYgt

recor di ng treuﬁm%kﬁﬁr in length than the light spot (Ls) provided on said

10

15

20

25

30

35

alignment line and interposed between said first and second
marks (3204,3206) or spaces (3203,3201).
19. An optical disk (1) in accordance with claim 18,
wherein the marks comprise a repetitive pattern the
fundamental unit of which consists of:

a first mark (3204) greater in length than said light
spot (Ls) and prov1ded on an allgnment line extending along
said recording track (33);

a second mark (3206) greater in length than said light
spot (Ls) and provided on said alignment line apart from
said flrst mark (3204);

a first space (3205) smaller in length than the light
spot (Ls), provided on said alignment line and interposed
between said first and second marks (3204,3206); |

a second space (3203) greater in length than said
light spot (Ls) and provided on said alignment line;

a third space (3201) greater in length than said light
spot (Ls) and provided on said alignment line apart from
said second space (3203); and,

“a ﬁhird mark (3202) smaller in length than the light
spot (Ls), provided on said alignment line and interposed

between said second and third spaces (3203,3201).

20. An optical disk (1) as claimed in claim 18 or 19,

- wherein said first mark (3204) or space (3203) extends

along said alignment line a first predetermined length 6T,
said second mark (3206) or space (3201) extends along said
alignment line a second predetermined length 7T, and said
third space (3205) or mark (3202), extends along said
alignment line a third predetermined length of 3T, whexe T
is the channel bit length.
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a mmimmjitter posi t"n detection means (90) for detecting a mi ni mum
ji tter focusi ng positi at which said - measur ed J'terlng amgunt, (S )
I's mniugr -and 10 a focus control means (100) for .controllk hh’Q sai d
focus . position control neans (110) to -set sai dioptical pi ckup + .
means (GCs) at said det ect ed mnimmijittedOfocusing . posi tion. 11.

An optical di Sjé appar at u éP4) far reprodum ng a 15 signal (Sd) froma
recording trac 1¢2 %00@53 b3k | Hams claimed dm cdiadm 18) A8cord@d.with

a repetitive pfedeher m:aﬁﬂrlsmgpat tBiRd( SR tp ShstH ef@éé’f@ﬂn%réﬁgcﬁg and
33) for causi n? &2) ng}ré ‘%ﬁ roduc d t herefromto ter th

predet er m ned epeFl o ‘#d{) °’Fuﬁ EnORPRSiks sides qfj spid
consi sts of: second reaofcﬁmg tmadxk(szmﬂ) for eaaeﬁm@%ﬁ&ssﬂaent eh bBRid

| engt h th d h vi ded ;on._.an [ n line

ext endi ng 2 onélﬂ ﬁ& r(gggré’ 3’%% r“gﬁi")( M’ Sdld”seco "? Jrféﬁ’ktfilf%)
or space (3201?39} eatidch |ﬁlg@aﬂ;ﬁ h (38t haapsaddcedgrﬁrcmpo‘sai.ds)t}amﬁ paadi ded

on said alignneghrth retd [ mar k (3204) or space
(3203) ; apg. Teh e Bglﬁ@a&fa%ﬁgnggg éo%?;or mark (3202)

respectively, %PPE}C??? figkt K19 has GHHeineghtinpetaim s31 prebegednon
said 30 a||gsa£@tthiﬁ@ adl f@&@ﬁEO@ﬁﬂcmgtWEﬁnaﬁalﬂ4f'éé&p@£§e§eﬁQﬁ§al

marks (3 3 r aces (320 01), said apparatus
conpri si ﬁ{g)& ngggkg az ATt %‘P&Hp means (Gs) for inpi ng| ng said |ight

An optlcal disk apparatus (P7) as claimed in claim 21
or 22, whe;eln said first, second, and third tracks:
(33,32,34) have the same (Tl1l) track widths (Tp),.

24. An optical disk apparatus (P7) as claimed in claim 21
15 or 22, wherein the track width (T2) said first track (33)

is smaller than the track width (T1) of said second and

third tracks (32,34).

25. BAn optical disk apparatus (P7) as claimed in claim 21

or 22, wherein the track width (T1) of said first track
20 (33) is greater than the track width (T3) of said second

and third tracks (32,34). '
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spot (Ls) to said recording track for producin rsa'ﬂEﬁgﬂﬂﬁhﬂﬂPSHEEHQ)SG

therefrom t |ng
posi ti on control neans (140) for changing thl'l {5 page%i.;bt é dged .

optical pickup neans (Cs) by a predet er ni e 3? - pageciz. oé’gf ér
anmobunt neasuring means (41) for neasurgpng 't he TERIE(S), : RAgcht- o

the signal (Sd) reproduced from gg: gsfi rst Astnchg ¢ Paged ¢-39)paged..... |

a mnimumijitter position detection 120){ for detectlng ahq?
m ni mum j i tter tracking position at which said DATE QFURECEIRT 1.6k kg ...

amun |(|SJn é o glri‘ T a7d &Psk 2p ar%tUsaC b‘?? CP&‘} ?ﬁ%‘é %1@%;[303 For

tracki ng on cont Sai d
opti cal 51gnakupsdhaﬁxom0® nﬂcqnﬂxngkmeacbdfnrmedumq|aneopt1a6k|ng

ESSIOP %2 I n lvﬁ*nk lﬁl fungggreﬂrll a ?Hear sal d(( r%i)ec??tcgépa ”Qe&Br&iﬁém o1
track, sa1 apparatus comprlslng
a first pattern generator means (ROM) for generating
a first repetitive pattern (SP) for causing said reproduced
signal (Sd) to jitter said first repetitive pattern having
10 a fundamental unit which consists of:
a first mark (3204) or space (3203) greater in
length than said light spot (Ls) provided on an
alignment line extending along said recording
track (33);
15 a second mark (3206) or space (3201) greater in
length than said light spot (Ls) and provided on
said alignment line apart from said first mark
(3204) or space (3203); and,
a third space (3205) or mark (3202),
20 respectively, smaller in length than the light
spot (Ls) provided on said alignment line and
interposed betwéen said first and second marks
(3204,3206) or spaces (3203,3201); and,
a writing means (122) for writing said first pattern
25 (SP) to a flrst recording track (33) of said optical disk
(1). : )
2. An optical disk apparatus (P7) as claimed in claim 1,
wherein the fundamental unit of said first repetitive
pattern (SP) written in said first recording track (33)
30 consists of:
a first mark (3204) greater in length than said light
spot - (Ls) and provided on an alignment line extending along
said recording track (33);
a second mark (3206) greater in length than said light
35 spot (Ls) and proviéed on said alignment line apart from
said first mark (3204);

* c L | s *




ﬁatfe?n consi sts of: a first mark (3204) greater in length than
spot (Ls) and provided on an alignnment |ine extendi ng al ong
said recording track (33); 20 a second mark (3206) greater in |ength

said |ight

than said |ight spot (Ls) and provj.ded on said alignnment |ine apart
from said first mark (3204); |

a first space (3205) snaller

in

| ength than the |ight spot (Ls), provided on said alignnment |ine and
interposed 25 bgtfikest sspakd i (320HnGneddons immdlengtI?@ha3o0be; 1ight

rovi ded on Se0Y PR hnoBhev Eind: on “BELE bIMnRdhe 1 ine ahflspfRTbottd AN
| engt h t han lsettwedénghaid flrspoanQLsgcend panksdé&ZQﬁ éapﬂ)allgnnent l i ne

apart from 30 sglge%%ﬁgpqgﬁggﬁ Fggg?)gfgg£1¥ i  Leng th tdhis sBEK

(3202) smaller in | engt
al i gnnerst | i highhdspat efpsseand Proﬁé@ﬂéeﬁnsﬁﬁﬁdsé b6AMERE LAREd spaces

(3203, 3201) .

35 10, 11 or 12, wherein sai f £
-direction mn%MPFeébﬁbtaFQ §5PH ] 5gnment iné =Part rom

10

i5

20

25

30

35

prOV|ded on said

aldhi A éﬁ&dégbz@lﬁk 2BRRES! i'ﬁ 1 tmr@ralsmra Laghkai m 9,

preeerm e rec

said second space (3203), and

i a third mark (32025 smaller in length than the light
spot (Ls), provided on said alignment line and interposed
between said second and third spaces (3203,3201).
3. An optical disk apparatus (P7) as claimed in claim 1
or 2, further comprising a second pattern generator means
(ROM) for generating a second predetermined pattern (SR),
said writing means (122) writing said second pattern (SR)
to second and third recording tracks (32 and 34) each
provided on the opposite sides of said first recording
track (33) for causing crosstalk in said signal (sd)
reproduced from said first recording track (33) with
signals (Sd) reproduced from said second and third
recording tracks (32 and 34).
4. + An optical disk apparatus (P7) as claimed in claims 3
wherein said second and third tracks (32 and 34) comprise
plural marks arranged at random.
5. An optical disk apparatus (P7) as clalmed in claim 3

or 4, wherein said first, second, and third tracks

(33,32,34) have the same track widths (T1).

6. An optical disk apparatus (P7) as claimed in claim 3
or 4, wherein the track width (T2) said first track (33) is
smaller than the track width (T1) of said second and third
tracks (32, 34).

7. An optical disk apparatus (P7) as claimed in claim 3
or 4, wherein the track width (T1) of said first track (33)
is greater than the track width (T3) of said second and
third tracks (32,34).

8. An optical disk apparatus (P4) as claimed in any one
of the preceding claims, further comprising:

r adi al
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68 14. An optical disk.-apparatus (P2) as claimed in claim9,

10, 11 or 12, wherein said predeterm ned directionis a t angenti al
direction with respect to a radius of said optical disk (1). 5 15.
An -optical disk apparatus (P7) for recording a signal (Sd) to a
recording track forned in an optical disk64 1) by focusing a |light spot
(Ls) on said recording track, said appar at us conpri si ng: a
first pazge;nfgeneratoramnqp$1é£{I@tfkmpg@@@m@l(@Q)1ﬂor gmpiﬁgingegggat|ée
pattern P) for. causi.ng uce lLtter a
first repeti 13 paiReY (L?%P) °© al%h5\?|Cﬁ’§dflﬁ‘ﬁdgﬁgﬁgafgﬁn%f'oaﬂt:&ﬁgcﬁﬁ% sts
of : sigral s{Sdarth¢Bebmgmpor space (3203) greater in

| ength than said | ( [ g

ext endi ng al ong saéf recor(ﬁr%égltp{(%/ %P&% %’% (140) %* Qﬁgné%{}ﬁ

mar k (32@6)(ﬁOQHﬁ&RS(BQ@&?lgﬁeaﬁeFaiﬂ optical plb&mgimaanﬂ1éﬁﬁb ngat

spot (Ls) angbﬁ&é/ gl,_e,glnpéa ; said alignnent |line apart fromsaid
first mark ) or space (3203) ; and, a third
space (3205) G Ji amoysgoneasuring meanesisddt ifpd peaswaing tha

llength than tygddfiig amount (Sj) in the signal (Sd) reproduced from
said first recording track (33);

10 a minimum jittér position detection means (120) for
detecting a minimum jitter tracking position at which said
measured jittering amount'(sj) is minimum; and

a tracking control means (130) for controlling said
tracking position'control means (140) to set said optical

15 pickup means (Os) at said detected minimum jitter tracking
position.

9. An optical disk apparatus (Pl) for reproducing a
signal (Sd) from a recording track (2 and 33) formed in an
optical disk (1) recorded with a predetermined fepetitive

20 pattern (SP) to said recording track (2 and 33) for causing
the signal (Sd) reproduced therefrom to jitter, said
repetitive pattern having a fundamental unit which consists
of: | _

_ a first mark (3204) or space (3203) greater in length

25 than said light spot (Ls) provided on an alignment line
extehding along said recording track (33); )

a second mark (3206) or spaée (3201) greater in length
than said light spot (Ls) and provided on said alignment
line apart from said first mark (3204) or space (3203);

30 and,

a third space (3205) or mark (3202), respectively,
smaller in length than the light spot (Ls) provided on said .
alignment line and interposed between said first and second
marks (3204,3206) oxr spaces (3203,3201), said apparatus

35 (P1) comprising:
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spot (Ls) provided on said alignment line and ‘i nterposed between
said first and second marks 25 (3204, 3206) or spaces (3203, 3201);
and, a witing neans (122) for witing said first pattern

(SP) to a first recording track (33) of said optical disk ().

16. An optical disk apparatus (P7) as clg nmed in claim15, 30 wherein
the fundanental unit of said first pattern (SP) witten in said first
recording track (aa)ogmmaauspiﬁk means (08)fifcY IMpindBLP4h arieafter in

onath Ohon Sabd TR, . 240h LBobrEORot et OTe" il DAL
(3206) greatEeprodheﬁgghsahdnsigndllKgﬁo theregpoi;(Ls) and provided on
s Ot b B e RREthe hBRbac alar Py tha ti B PR e aR ira Y PdRkuP
spot (L, pmesndelOsh laaladpabdgnﬁemunbdnenghd (&t erippeepredetermined
direction;
a jitter amount measuring means (41) for measuring the
jittering amount (Sj) in the signal (Sd) reproduced from
said recording track (33);

10 a minimum jitter angle detection means (50) for
detecting a minimum Jjitter angle (fa) at which said
measured jittering amount (Sj) is minimum; and

a tilting control mearis (54 and 67) for control said
tilting means (60) to tilt said optical pickup means (Os)

15 at said detected minimum jitter angle (fa).

10. An optical disk apparatus (P3) for reproducing a
signal (Sd) from a recording track (2 and 33) formed in an
optical disk (1) recorded with a predetermined repetitive
pattern (SP) to said recording track (2 and 33) for causing

20 the signal (Sd) reproduced therefrom to jitter, the
predetermined repetitive pattern having a fundamental unit
which consists of: )

a first mark (3204) or space (3203) greater in length
than said light spot (Ls) provided on an- alignment line

25 extending along said recording track (33); .

" a second mark (3206) or space (3201) greater in lenéth
than said light spot (Ls) and provided on said alignment
line apart from said first mark (3204) or space (3203);
and,

30 a third space (3205) or mark (3202), respectively,
smaller in length than the light spot (Ls) provided on said
alignment line and interposed between said first and second
marks (3204,3206) or spaces (3203,3201), said apparatus

: (P3) comprising:

35 an optical pickup means (Os) for impinging said light
spot (Ls) to said recording track (2 and 33) for
reproducing said signal (Sd) therefrom; '
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between said first and second marks (3204, 3206) ; a second space

(3203) greater in length than said 5 | i ght spot (Ls) and provi-ded on )
said alignnent |ine; a third space (3201) greater in |length than
said |ight spot (Ls) and provided gp said alignnent |ine apart from
sai d second space (3203); and, athird mark (3202) smaller in

| ength than the light 10 spot (Ls), provided on said alignnent |ine and

i nt er posed lret feewns s pog isdepncenirehi mgansacesl Q32d9r3ghanging 17,

An opti cal digdgy e 4% (R o Ss &1 &1 8B E81 ChRERUPOSmeans A0sY6 by W t her
conprising a second pattern generator neans ( for generating a
second pred@®redatedPingd @AY PSR), 15 said witing means (122) witing
sai d second patte §itEBr amount in&RfOTth@ikdry r(d1) ecordhegstf8sschd 32 and
34) each ,&Fpromlded on theg%@FOSIte si des oﬁ S%I? flrstc{eggéd nck

track (33) fAdtERIAGHANE T, a® Fhesgignatqgiszd) gpproduc ;#?ﬁ'ced
fromsaid figadid fdxewiregdrding C32)ckwi(3B)20 signals (Sd) reproduced
from said second hi r rdi ks ( d : 18.
An optical disk (al)mﬁ'glﬁ“%’éeﬁgt?aﬁ g&sﬁgg.lo dir%(éé&closrépgé?g usé?)él)f?r

r epr oduci ng deteiapialg far odmamphup dttey fbcusingrpesitiong atraekeh gakded in
sai d optical ' (1) us [ L met ) on said
recordi ng trmfca%&s%g J]J.)ttet}ﬁgﬁiaéngfu?& z(lgﬁ?l?'écggn%{ll sin a(ﬁé . a first
recorditg track @Eforys ferbrel means  LAYndper contrﬁglénﬁ; safg focus

a second re%@@ﬁﬁﬁbﬁf@ﬁﬂtf&i2§e§§é havong decsselegaid optical pickup

means (0s) at said detected minimum jitter focusing

position.

11. An optical disk apparatus (P4) for reproducing a
15 signal (Sd) from a recording track (2 and 33) formed in an

optical disk. (1) recorded with a repetitive predetermined

pattern (SP) to said recording track (2 and 33) for causing

the signal (Sd) repréduced' therefrom to Jjitter the

predetermined repetitive pattern having a fundamental unit
20 which consists of: _

a first mark (3204) or space (3203) greater in length
than said light spot (Ls) provided on an alignment line
extending along said recording track (33);

a second mark (3206) or space (3201) greater in length

25 than said light spot (Ls) and provided on said alignment
line apart from said first mark (3204) or space (3203) ;
and,

a third space (3205) or mark (3202), respectively,
smaller in length than the light spot (Ls) provided on said

30 alignment line and interposed between said first and second
marks (3204,3206) or spaces (3203,3201), said apparatus
(P3) comprising:

an optical pickup means (Os) for impinging said light

spot (Ls) to said recérding track for producing said signal
35 {sd) therefrom; '
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30 * therein marks fornmed in a predeterm ned pattern (SP) for causi ng

a signal (Sd) reproduced therefromto jitter, wher ei n t he marks
conprise a repetitive pattern (SP) the fundanmental unit of which
consi sts of: a first mark (3204) or space (3203) greater in

| ength 35 than said |ight spot (Ls) grovided on an alignnent |ine
extendi ng al ong said recording track (33);

70 9 SEELAKE AR Ko S206 eénéﬁapemé%91X1@6?a£6f J:nahgmﬁgh

than said |jght s ot and rOVI ed on said nment ne_apart
fromsaid ff9EHs %%2%& sﬁﬁ&g R3S Plc %hﬂfanﬁi(OS) ijyaathlrd

space (3205§réﬁemﬂmﬁéﬂcﬁitcmpspect i vel y smal ler in length than the
L9 590t (L2) BAASS AR el WEAIETH s 15 2Bt 3PS
(3203, 3201)jittering9amdunop{Ejhl idi sthe( Hignalactaddaneproduded| &roml18, 10
wherein  the,; fBEKSse COIPSLEng A FLPE (34yp pattern the
. a minimum jitter position detection means (120) for
detecting a minimum jitter tracking position at which said
measured jittering amount (Sj) is minimum; and
10 a tracking control means (130) for controlling said
tracking position control means (140) to set said optical
pickup means (Os) at said detected minimum jitter tracking
position. , '
12. An optical disk épparatus (P1l) according to claim 9,
15 10 or 11 in which the fundamental unit of said repetitive
pattern consists of: '
a first mark (3204) greater in length than said light
spot (Ls) and provided on an alignment line extending along
said recording track (33);
20 a second mark (3206) greater in length than said light
spot (Ls) and provided on said alignment line apart from
said first mark (3204);
a first space (3205) smaller in length than the light
spot (Ls), provided on said alignment line and interposed
25 between said first and second marks (3204,3206);
“a second'space (3203) greater in length than said
light spot (Ls) and provided on said alignment line;
a third space (3201) greater in length than said light
spot (Ls) and provided on said alignment line apart from
30 said second space (3203); and, '
a third mark (3202) smaller in length than the light
spot (Ls), provided on said alignment line and interposed
between said second and third spaces (3203,3201).
13. An optical disk apparatus (Pl) as claimed in claim 9,
35 10, 11 or 12, wherein said predetermined direction is a
radial direction with respect to said optical disk (1).
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fundanental unit of which consists of: a first mark (3204)
greater in length than said |ight spot (Ls) and provided on an
alignment |ine extending al ong said recording track (33); 15 a
second mark (3206) greater in length than said |ight spot (Ls) and
provi ded on said alignnent line apart from - said first mark (3204);

a first space (3205) snmaller in |engthesthan the |ight spot (Ls),

provi ded on said alignnment |ine and interposed 20 bet ween said first and
second mar R4 (32@4QE!¥§R1 disk apparatgscdﬁd)spacelésﬁéa)lgrehaem Sn | engt h
t han said ot ‘(hles_) V.

athird space ( % S?eater e é:%ﬂggeggf@f+gd ?19Q%%EB ot Ls) and
provi ded oﬁasmealtwa nﬁ%ﬁ?CFFﬁé qt respegs tOsaadJs%iﬂdml 9rfac-‘éa§®203)

and, tldﬁﬂiaﬂgklm@)k (3202) smal ler in length than the |ight
spot (Ls) prOV|de on s %G kl nnment Iln% and _i nterposed bet ween said
secondSand 1thi r & PRESSH(3S38 3 gpRRTatus (Bp) ﬁ@roﬁﬁ¢%§ﬁlﬂgs% gignak

clainmed in (csldau Hol@ eect?didg trwlRr gb@méal ﬂnfaﬁ%pmgl(&%)(pr ace

3203 ext al pn aid al a first, predeterm ned.l ength
67 ) EResdag o bty 3m6es LPBL-Ghe sedSo bpoariing: sty il
allgnnent b@@aratmecammmpnedamgrn1ned | ength 7T and said th|rd space

(3200) or, ok, SR e A helhe GO AR
10 a first repetltlve pattern (SP) for causing said reproduced
signal (Sd) to jitter, said first repetitive pattern (SP)
having fundamental unit which consists of:
a first mark (3204) or space (3203) greater in
length than said light spot (Ls) provided on an-
15 alignment line extending along said recording
track (33); '
a second mark (3206) or space (3201) greater in
length than said light spot (Ls) and provided on
said alignment line apart from said first mark
20 (3204) or space (3203); and,
a third space (3205) or mark (3202),
respectively, smaller in length than the light
spot (Ls) provided on said alignment line and
interposed between said first and second marks
25 {(3204,3206) or spaces (3203,3201); and,
"a writing means (122) for writing said first pattérn
(SP) to a first recording track (33) of said optical disk
(1). '
16. An optical disk épparatus (P7) as claimed. in claim 15,
30 wherein the fundamental unit of said first éattern (SpP)
written in said first recording track (33) consists of:
a first mark (3204) greater in length than said light
spot {(Ls) and provided on an alignment line extending along
. said recording track (33);
35 a second mark (3206) greater in length than said light
spot (Ls) and provided on said alignment line apart from
said first mark (3204);
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71/ 73 21. An optical disk (1) as clained in claimi18, 19 or 20,

further conprising a third and a fourth recordi ng tracks (32 and 34)
each provided on the opposite sides of said second recording track
(33) for causing crosstalk in said 5 signal (Sd) reproduced fromsaid
second recording track (33) with sjgnals (Sd) reproduced fromsaid
third and fourth recording tracks (32 and 34). 22. An opti cal
disk (1) as clained in claim2l, wherein said third and fourth tracks

(32 and 34) conpsifissiplspade 1B205askaldiermiged edigthakti@m the 1ight An

tical disk J | . . 2 wh [ I d
Prrst e seodtROartel b PEOTHIEE 6 baEG ATigndet tine, pdlsnEerkofes, ack
wi dt hs ( Tp)between2gaidnfbpst c@md chesd&oracbpmnksus(iﬁmé 2806)ainmed in claim?21

L5012 e B et WSS Toblell 5! gk oy g

smal | er than the tra sai” econ racks
(32, 34)5 light spot (Ls) an provzded on said alignment line;

a third space (3201) greater in length than said light
spot (Ls) and provided on said alignment line apart from
said second space (3203); and,

a third mark (3202) smaller in length than the light

10 spot (Ls), provided on said alignment line and interposed
between said second and third spaces (3203,3201).
17. An optical disk apparatus (P7) as claimed in claim 15
or 16, further comprising a second pattern generator means
(ROM) for generating a second predetermined pattern (SR),
15 said writing means (122) writing said second pattern (SR)
to second and third recording tracks (32 and 34) each -
provided on the opposite sides of said first recording
track (33) for causing the .crosstalk in said signal (Sd)
reproduced from said first recording track (33) with
20 signals (Sd) reproduced from said second and third
recording tracks (32 and 34). _ '
18. An optical disk (1) for use in an optical disk
apparatus (Pl) reproducing a signal from a plurality of
recording tracks formed in said optical disk (1) - by
25 focusing a light spot (Ls) on said recording track, said
optical disk (1) comprising: i

a first recording track (2) for recording said signal
therein; and, '

a second recording track (3,23,33) having recorded

30 therein marks formed in a predetermined pattern (SP) for
causing a signal (Sd) reproduced therefrom to jitter,
wherein the marks comprise a repetitive pattern (SP) the
fundamental unit of which consists of:

a first mark (3204) ox space (3203) greater in length

35 than said light spot (Ls) provided on an alignment line
extending along said recording track (33);
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25.° An optical disk apparatus (P7) as clained in claim21 _ or 22,
wherein the track wwdth (T1l) of said first track 20 (33) is greater than
the track wwdth (T3) of said second and third tracks (32,34).

70

a second mark (3206) or space (3201) greater in length
than said light spot (Ls) and provided on said alignment
line apart from said first mark (3204) or space (3203);
and, : '

S a third space (3205) or mark (3202), respectively,
smaller in length than the light spot (Ls) provided on said
alignment line and interposed between said first and second
marks (3204,3206) or spaces (3203,3201).

19. An optical disk (1) in accordance with claim 18,

10 wherein the marks comprise a repetitive pattern the
fundamental unit of which consists of:

a first mark (3204) greater in length than said light
spot (Ls) and provided on an alignment line extending along
said recording track (33);

15 a second mark (3206) greater.in length than said light
spot (Ls) and provided on said alignment line apart from
said first mark (3204); _

a first space (3205) smaller in length than the light
spot (Ls), provided on said alignment line and interposed

20 between said first and second marks (3204,3206);

~ a second space (3203) greater in length than said
iight spot.- (Ls) and provided on said alignment line;

a third space (3201) greater in length than said light
spot (Ls) and provided on said alignment line apart from

25 - said second space (3203); and, _

"a third mark (3202) smaller in length than the light
spot (Ls), provided on said alignment line and interposed
between said second and third spaces (3203,3201).

20. An optical disk (1) as claimed in claim 18 or 19,

30 wherein said first mark (3204) or space (3203) extends
along said alignment line a first predetermined length 6T,
said second mark (3206) or space (3201) extends along said
alignment line a second predetermined length 7T, and said
thirxd space_(3205) or mark (3202), extends aldng said

35 alignment line a third predetermined length of 3T, where T
is the channel bit length.

\
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21. An optical disk (1) as claimed in claim 18, 19 or 20,
further comprising a third and a fourth recording tracks
(32 and 34) each provided on the opposite sides of said
second recording track (33) for causing crosstalk in said
signal (Sd) reproduced from said second recording track
(33) with signals (Sd) reproduced from said third and
fourth recording tracks (32 and 34).

22. An optical disk (1) as claimed in claim 21, wherein
said third and fourth tracks (32 and 34) comprises plural
marks arranged at random.

23. An optical disk apparatus (P7) as claimed in claim 21
or 22, wherein said first, second, and third tracks
(33,32,34) have the same (Tl1l) track widths (Tp).

24. An optical disk apparatus (P7)'as claimed in claim 21
or 22, wherein the track width (T2) said first track (33)
is smailer than the track width (T1) of said second and
third tracks (32,34).

25. An optical disk apparatus (P7) as claimed in claim 21
or 22, wherein the track width (T1) of said firét track
(33) is greater than the track width (T3) of said second
and third tracks (32,34).
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